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THE CONSTITUTION OF INDIA 


PREAMBLE 


WE, THE PEOPLE OF INDIA, having solemnly resolved to constitute India into a "SOVEREIGN 
SOCIALIST SECULAR DEMOCRATIC REPUBLIC and to secure to all its citizens : 


JUSTICE, social, economic and political; 

LIBERTY of thought, expression, belief, faith and worship; 

EQUALITY of status and of opportunity; and to promote among them all 

FRATERNITY assuring the dignity of the individual and the’ unity and integrity of the Nation; 


IN OUR CONSTITUENT ASSEMBLY this twenty-sixth day of November, 1949, do HEREBY ADOPT, 
ENACT AND GIVE TO OURSELVES THIS CONSTITUTION. 


1. Subs, by the Constitution (Forty-Second Amendment) Act. 1976, sec. 2, for "Sovereign Democratic Republic” (w.e.f. 3.1.1977) 
2. Subs, by the Constitution (Forty-Second Amendment) Act. 1976, sec. 2, for "unity of the Nation” (w.e.f. 3.1.1977) 


THE CONSTITUTION OF INDIA 
Chapter IVA 
FUNDAMENTAL DUTIES 
ARTICLE 51А 


Fundamental Duties - It shall be the duty of every citizen of India- 


(a) to abide by the Constitution and respect its ideals and institutions, the National Flag and the National 
Anthem; 


b) tocherish and follow the noble ideals which inspired our national struggle for freedom; 


c) touphold and protect the sovereignty, unity and integrity of India; 


ee 


to defend the country and render national service when called upon to do so; 


eee |, 


to promote harmony and the spirit of common brotherhood amongst all the people of India transcending 
religious, linguistic and regional or sectional diversities; to renounce practices derogatory to the dignity of 
women; 


(f) tovalue and preserve the rich heritage of our composite culture; 


(g) to protect and improve the natural environment including forests, lakes, rivers, wild Ше and to have 
compassion for living creatures; 


(h) to develop the scientific temper, humanism and the spirit of inquiry and reform; 


to safeguard public property and to abjure violence; 






to strive towards excellence in all spheres of individual and collective activity so that the nation constantly 
rises to higher levels of endeavour and achievement; 


(К) who is a parent or guardian to provide opportunities for education to his/her child or, as the case may be, 
ward between age of 6 and 14 years. 


1. Subs. by the Constitution (Eighty - Sixth Amendment) Act, 2002 
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UNIT -1 


SOLID STATE 


Learning Objectives 


After studying this unit, you will be able to 


Differentiate between amorphous and crystalline solids 


Explain the different types of crystalline solids based on the attractive forces between the 
particles 


Differentiate between unit cell, crystal lattice and Bravais Lattices 

Explain the close packing pattern in the solid state 

Describe different types of voids present in the close packed structures 

Calculate the packing efficiency of different types of cubic unit cells 

Find the relation between the density of the substance and characteristics of its unit cell 
Describe the imperfections present in the solids and explain their effect on some properties 
Explain the range of electrical and magnetic properties exhibited by the solids 


Explain the types of doping and their effect on the electrical properties 
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Solid State 


One of the state of matter characterized by the rigidity of the constituent particles 
Constituent particles have fixed positions and they can only oscillate about their mean position. 


Constituent particles arranged in a regular pattern, the spatial arrangement is completely 
ordered (crystalline solid) unlike gaseous or liquid state. 


Because of the highly ordered arrangement, solids have lower potential energy, so energy is 
required to convert solid to a liquid 


Properties of the solids can be changed by adding some impurities or due to some structural 
imperfections or defects. 


Solid State 
2 types 
Crystalline Solids Amorphous Solids 
Constituent particles Constituent particles 
have long range order, have short range order, 
they are anisotropic, they are isotropic, do not 
have a definite and have definite heat 
characteristic heat of fusion of fusion or melting point 
and melting point, e.g. sodium e.g. glass, rubber. 


chloride, iodine, copper. 


Classification of Crystalline solids 


On the basis of nature of intermolecular forces 


a) 


b) 


lonic solids : - constituent particles are ions 
- coulombic or electrostatic forces exist between the ions 


- Insulators in solid state but conductors in molten state and in 
aqueous solutions 


- e.g. NaCl, МОО 


Metallic Solids : - Constituent particles are positive ions immersed in a sea of 
delocalized electrons. 


(2) 
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- Operative bonding between the ions is metallic 
i Conductors in solid state as well as in molten state 
- e.g. Cu, Fe, Mg. 

c) Covalent Solids or Network Solids : 
- Constituent particles are atoms. 
- Covalent bonding between the atoms 
- Insulators, graphite is an exception 
- e.g. quartz, diamond 

d) X Molecular Solids: - Constituent particles are molecules 

(3 types) i). | Non-polar: Dispersion or London forces e.g. Ar, CCI, 


li). ^ Polar: Dipole-Dipole interactions between molecules e.g. HCI, 
50, 


iii). | Hydrogen bonded: Hydrogen bonding exist e.g. H,O (ice) 
- Insulators (all types) 
> Вгадд'ѕ Law - to determine the crystal structure by X-ray diffraction 
n=order of diffraction, can be 1, 2, 3 ..... (No Unit, it's a number) 
À = wavelength of x-ray 
d = distance between 2 planes (X and d both have same units) 


0 - angle of diffraction 


— Crystal Lattice: Regular arrangement of constituent particles of a crystal in a 
three dimensional space. 


>  Unitcell: smallest portion of a crystal lattice which, when repeated in 
different directions, generates the entire lattice. 


Six Parameters of unit cell: 
3 — Edge lengths — a,b, c (may or may пої be mutually perpendicular) 


3 - Angles between the edges = о (between b and c), В (between a and c), y (between a and b) 
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—> Types of Unit Cells Primitive simple unit cells (constituent particles are present 
Ew only at corners) 


Non-Primitive/centred unit cells 


|. Body-centred — particles are present at the corners and body — 
centre 


li). Расе – Centred — particles are present at the corners and 
centre of each face. 


lii). Епа centred — particles are present at the corners and centre of 
any two opposite faces. 


Note: constituent particle may be an atom, a molecule (group of atoms) or an ion. 
> Crystal systems and Bravais Lattice 


There are seven crystal systems and fourteen Bravais Lattice (Unit cells) corresponding to 
these seven crystal systems. 


Crystal System | Possible variations | Akaledgelenghs | Аа ајә _ 
Cubic Primitive 

Face - centred 

Body-centred 
Primitive 

Body — centred 

Face — centred 

End - centred 
Hexagonal Primitive a=bD#C о=В=90° 
Rhombohedral ог Primitive a-b-c a=B=y= 90" 
e m mm [TT 


Monoclimic Primitive ax рс a= y= 90° 
End - centred B = 90° 


primitive TA 
Tota = 14 5 
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Number of atoms in different unit cells: 
Contribution of particles at 


Corner = Vs, Face centre = %, Body Centre= 1, 


Edge Centre = 1⁄4 


Simple cubic 


Body – centred Cubic 0x Vs + 1 =2 
Face — centred Cubic 8x Vs +6x2=4 


Coordination Number (C.No.): Number of nearest neighbours of a particle with which it is in 
contact with. 
Packing of constituents in a crystal: 





a). Close packing in 1-D — One type of arrangement is possible i.e. in a row C. No. = 2. 
b). Close packing in 2-D 


i). Square close packing — AAA type of arrangement 
- 92.4% of available space occupied by spheres. 
- C.No. = 4 


li). | Hexagonal close packing - ABAB type of arrangement 
- 60.4% of available space occupied by spheres 
- C.No. =6 


C). Close packing in 3-D 
i) | Hexagonal Close packed (hcp) - ABAB....... type of arrangement 
li) | Cubic Close Packed (сср) or face-centred cubic (fcc): 
- ABCABC........ type of arrangement 


- In both of these packings (hcp and ccp/fcc), 
74% of the space is occupied. 


- C.No. = 12 (for hcp and сср/їсс) 
Note : In bcc, C. No. = 8 


L5) 
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— Voids are Interstitial Sites : Empty spaces left in the close packed structures. 

a) |n2-D Packing -Trigonal voids are present 

b) In 3-D packing : Two types of voids 


i) Tetrahedral void — Simple triangular void 
surrounded by 4 spheres. 


C.No. = 4 


li) Octahedral void — Double triangular void 
surrounded by six spheres 


C.No. 2 6 
— Relation between the number of voids and the number of spheres in close packing 


In close packing the number of spheres = N spheres 


Number of octahedral voids = N 
Number of tetrahedral voids = 2N. 
— Total voids in ccp per unit cell = 4 (octahedral) + 8 (tetrahedral) 
= 12 
— Total voids in hcp per unit cell = 6 (octahedral) + 12 (tetrahedral) 
= 18 


— Relation between radius (г) of a void and the radius (R) of the sphere in close packing: 


Tetrahedral void ‚ r=0.225 R 

Octahedral void : r=0.414R 

Packing Fraction . Fraction of total space filled by the constituent 
particles. 


Total Volume of spheres 


Packing fraction = - 
Volume of the unit cell 


8) 
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rrelated toa | Volume of the atom (v) | Packing density 


Simple cubic 4 (5) 100-52 = 48% 


а аў ү2д А 

hcp апа сср n 1 p 0.74 100-74 = 26% 
| 4 За} ҮЗл _ 2. 

Body-centred cubic | г=%5 І n| : | >T =0.68 | 100-68 = 32% 


r= atomic radius; а = edge length of a unit cell 





— Density of the crystal: 


4 ZX M 


- ст" 
ах м9 





= Number of particles present per unit cell 


Molar mass of element (g mol’) 


© = М 
[ 


Edge length of the unit cell (cm) 


< 
Il 


Avogadro number 


For lonic crystals, the formula used is the same. 


Z - number of formula units in one unit cell 

M = Formula mass of the compound 

a - edgelength which is 2 x distance between the ions in a crystal 
Radius Ratio = radius of cation (r+) 


radius of anion (r-) 


Гаваны | ов знана | бшш _ 


0.732 - 1 к Body centred cubic CsCl, NH, Br 





sQ, OP 


UDA AN 


A program to give wings to girl students 


SOLID STATE 


— Structure of some simple ionic solids: 


Crystal Structure Arrangement of ions Coordination Formula units/ 
тег Unit cell 


AB Type 
Rock Salt 
(NaCl) Type 


Caesium 
Chloride 
(CsCl) type 


Zinc Blende 
(ZnS) Type 


AB, Type 
Flourite 
(CaF,) 


A,B Type 
Antiflourite 
Type (Na,O) 


Clions = fcc 4 
arrangement — 

Na’ ions = edge 

centres and body centres 


bcc arrangement 
Cl = corners, 
Cs' = Body centre 


ccp arrangement = 
9° = fcc, = 
Zn” = alternate 

tetrahedral voids 


ccp arrangement 
Ca” = fcc, 
F=tetrahedral voids 


B^ = ccp 
A' -tetrahedral 
voids 





Effect of temperature and pressure on crystal structure 


P 
NaCl inh CsCl 
760 K 


(6:6) (8:8) 
e |n NaCl, there are 4 octahedral voids, all of which are occupied by Na’. 
• In ZnS, there are 8 tetrahedral voids, half of which are occupied by Zn”. 


e |n CaF,, there are 8 tetrahedral voids, all are occupied by F ions. 
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— Imperfections in solids - 


— Types of Defects (a) 


— Types of point defects: 


(a) Stoichiometric Defects - 


For lonic Solids - 


— Stoichiometric defects in lonic Solids 


iii 
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Irregularities in the arrangement of constituent 
particles 


Line defects / crystal defects: deviations from the 
ideal arrangement in entire rows of lattice points. 


Point defects : deviation from ideal arrangement 
around a point or an atom in a crystalline 
substance. 


These defects are also known as Intrinsic or 
thermodynamic defects. 


In this defect ratio between the cations and anions 
(stoichiometry) remain the same 


Vacancy defect - When some of the lattice sites are 
vacant; density decreases in this defect. 


Interstitial defect -When some constituent particles 
occupy an interstitial site. 


Density increases in this defect 


Electrical Neutrality should be maintained 


Frenkel defect / Dislocation defect: 


Cations are missing from lattice site and occupy 
interstitial sites. 


Occurs in compounds with low coordination 
number and large difference in size of cation and 
anions. 


Density remains the same 
e.g. Agl, AgCI, ZnS 


AgBr shows both Schottky as well as Frenkel 
defect. 


o 8] 
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iv) Schottky defect — 
- Equal number of cations and anions are missing 


- Оссигѕ in compounds having high coordination 
number and small difference in size of cations and 
anions. 


- Density decreases e.g. NaCl, KCI 
(b) Non stoichiometric defect : In this defect stoichiometriy does not remain the same 
Two types i) Metal Excess Defect 


e Due to anionic vacancies — When crystals of alkali 
halides are heated in the vapour of alkali metal, 
some anions leave lattice sites in which electrons 
get trapped forming Е— centre which impart colour 
to the crystals. 


NaCl Crystals - Yellow colour 

LiCl Crystals - Pink Colour 

KCI Crystals-Violet/Lilac Colour 

(Due to the excess of alkali (Na, Li & K) metal) 


e Due to the presence of extra cations at interstitial 


Sites: 
ZnO —> Zn"  «40,42e 
White Yellow 


Zn“ ions and electrons move to interstitial sites. 


li) Metal Deficiency Defect — occurs when metal 
shows variable valency. 


Few metal ions with lower valency are missing from their site but metal ions with higher valency 
are present at some sites thus balancing the charge. However, this leaves some vacancies at the 
sites of metal ions. 


e.g. FeO exist as Fe, ,. 


(c) Impurity defect: When foreign atoms are present at the lattice site in 
place of host atoms or at the vacant interstitial sites 
e.g. SrCl, (little amount) is present in NaCl or Solid 
solution of CdCl, (impurity) and AgCI 
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* In this case cationic vacancies are produced which are equal to the number of Sr^* or Са? ions. 


Electrical Properties 


e Conductors 


Solids shows a large range of electrical 
conductivities, 10°’ to 10’ ohm" m" 


Valence band is partially filled or it overlaps with 
the conduction band, movement of electrons is 
easy. Conductivity is between 10° to 10’ ohm" m”. 


Conductivity decreases with the rise in temperature e.g. metals. 


e Semiconductors 


ө Insulators 


Doping 


— Compounds of Groups 13-15 


There is small enery gap between the valence and 
conduction band, some electrons may jump to the 
conduction band. Conductivity range = 10° to 10° 
ohm" m" 


Conductivity increases with rise in temperature e.g. 
Si and Ge. (Known as intrinsic semiconductors). 


There is large energy gap between the valence and 
conduction band, electrons cannot jump to the 
conduction band. 
Conductivity range = 10° to 10" ohm" m“ e.g. 
diamond, Quartz 


Process of adding impurities to a crystalline 
substance to change its properties. 


n-types semiconductor — doping of group 14 
elements (Si, Ge) with group 15 elements like P or 
As. Free electrons are present, responsible for 
increased conductivity. 


p-type semiconductor — Doping of group 14 
elements with group 13 elements like B, Al & Ga. 


Electron holes are created which are responsible for 
increased conductivity. 


Act like semiconductors 


These are formed by combination of group 13 and 
15 elements. 


e.g. InSb, AIP and GaAs 
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— 


— 


Compounds of groups 12-16 - Act like semiconductors. 


These are formed by combination of group 12 and 
16 elements. 


e.g. ZnS, CdS, CdSe and HgTe 


Transition metal Oxides - ТО, CrO, and ReO, — behave like metals 
(Show marked differences in 
electrical properties). 


Magnetic Properties 


Г. 


Diamagnetic substances — Weakly repelled by magnetic field. They do not have unpaired 
electrons e.g. TiO,, H,O, NaCl. 


Paramagnetic Substances – Attracted by magnetic field. They contain unpaired electrons e.g. 
O,, Cu“, Fe”. They lose their magnetism when magnetic field is removed. 


Ferromagnetic substances — show permanent magnetism even in the absence of magnetic 
field. All domains are aligned in one direction eg. Fe, Co, Ni, CrO, 


Anti-ferromagnetic substances — Domains are aligned in parallel and anti parallel directions in 
equal numbers. Net magnetic moment is zero e.g. MnO. 


Ferrimagnetic substances – Domains are aligned in parallel and antiparallel directions in 
unequal numbers. These are weakly attracted by magnetic field. So, small net magnetic 
moment. e.g. Fe,0,, MgFe,O, and ZnFe;O,. 


Solved Examples 


0.1. 


д. 


С. 


Experimentally it was found that a metal oxide has formula M,,,0,. M is present as M” and 
М“ in its oxide. Fraction of metal which exists as М" would be 


7.01% b. 4.08% 
6.05% d. 9.08% 


solution : (b) 


Ratio of the numbers of M atoms to the number of 0 atoms is 


M: 0 = 0.98 : 1 = 98: 100 


Total +ve charge = Total -ve charge 
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Because, oxide is neutral 


Let, number of M* ions 


II 
>< 


so, number of M* ions - 98-x 


On equating the charge, we get 


2х + 3(98-x) = -2 (100) (Charge оп О atoms = -200 
-X + 294 = 200 
X = 94 
Number of М ions = 94 
Number of M* ions = 4 
Hence, percentage of M that exists as М” = 2 100 
98 
= 4.08% 


0.2. If NaCl is doped with 10° mol % SrCI, then concentration of cation vacancies will be 


a. 6.022 x 10“ mol’ b. 6.022 x 10° mol” 
c. 6.022 x 10° mol ` d. 6.022 x10" mol’ 
solution : (d) 


NaCl is doped with 10° mol % of SrCI, 
=> 100 mol of NaCl is doped with 10° mol of SrCI, 


10° 
1 mol of NaCl is doped with ——— mol of SrCI, 
100 


= 10° mol of SrCI, 


Number of cation vacancies produced by each Sr” = 1 


UDA ON 
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Concentration of cation vacancies produced by 10° mol of Sr* ions = 10° x 6.022 x 10? 


= 6.022 x 10" mol’ 


Q.3. How many unit cells are present in a cube shaped ideal crystal of NaCl of mass 1 g? 


a  5.14x 10" b. 1.28 x 10° 
С. 1.771 x 107 d. 2.57 x 10” 
Solution (d). 


Mass of the unit cell = Number of formula units in unit cell x mass of each formula unit 


= 4 x58.5g mol’ 
4 x 58.5 g mol’ 
І №, mol" 
4х 58.5 
= ү g 
58.5 
4x ————g of NaCl contains = 1 unit cell 
A 
1 
1g of NaCl contains = —————— x №, unit cells 
4 X 58.5 
6.022 X 10” 
= unit cells 
4 X 58.5 
1gofNaClcontains =  2.7x10" unitcells 


Q.4. The packing efficiency of the two - dimensional square unit cell shown below is 


«— — t—— —» 
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а. 39.27 % b. 68.02 % 
C. 74.05 % d. 78.54% 

Solution — (d). 


[ 


«— (—> 


Contact between the spheres is along the diagonal. 

АВ = 42 | 

|= 22 В 

Area of Square = l = (2/2 RY = 8 В 

Area of atoms present in 1 unit cell = х8 + 4х (=R) 
-2nR 

% Of packing efficiency = E 100 
= 78.04 % 


Note : There are 2 atoms or effectively 2 circle in one unit cell. 
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PRACTICE QUESTIONS 
Q1. Structure of a mixed oxide is ccp. Cubic unit cell of mixed oxide is composed of oxide ions. 


Q2. 


Q3. 


Q4. 


Q5. 


Q6. 


One Fourth of tetrahedral voids are occupied by divalent metal A and all the octahedral voids 
are occupied by monovalent metal B. Formula of oxide is 


a — AB, b. ABO, 
c. АВО, d. ABO, 


In face centred cubic lattice, A occupies corners and B occupies face centres. If one atoms of 
B is missing from one of the face centre, formula of the compound is 


a. AB, b. AB, 

C. АВ, d. АВ 

No. of tetrahedral voids in the unit cell of a face centred cubic lattice of similar atoms is 
a. 4 b. 6 

c. 8 d. 12 


In a solid ‘AB’ having the NaCl structure, ‘A’ atoms occupy the corners of the cubic unit cell. If 
all the face-centred atoms along one of the axes are removed, then the resultant stoichiometry 
of the solid is 


a. АВ, b. АВ 
С A,B, d. A,B, 


A substance AB, crystallizes in a face centred cubic (fcc) lattice in which atoms 'A occupy 
each corner of the cube and atoms 'B' occupy the centres of each face of the cube. Identify 
the correct composition of the substance А,В, 


a. АВ, b. АВ, 
б. A,B d. composition cannot be specified 


An ionic crystalline solid MX,, has a cubic unit cell. Which of the following arrangement of 
ions is consistent with the stoichiometry of the compound? 


(a) _ M* ions at the corners and at each face centres 8X ions in the tetrahedral holes. 
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(b) М“ ions at the each face centres 8X ions at the corners 


(c) М“ ions at the corners and X at each face centres 2X ions completely inside the unit 
cell. 


(d) М“ ions at the corners and at each face centres, 4X ions completely inside the unit cell. 
Q7. Which of the following fcc structure contains cations in alternate tetrahedral voids? 

a. NaCl b.  Zn$ 

б. Na,O d. CaF, 


08. A compound M,X, has cubic close packing (ccp) arrangement of X. Its unit cell structure is 
Shown below. The empirical formula of the formula of the compound, is 





a. MX 
С. M,X d. М.Х, 


Q9. If the positions of Nat and СГ are interchanged in NaCl, having fcc arrangement of СГ ions 
then in the unit cell of NaCl 


(a) Ма ions will decrease by 1 while CI ions will increase by 1 
(b) Ма" ions will increase by 1 while CI ions will decrease by 1 
(c) Number of Na’ and CI ions will remain the same 

(d) The crystal structure of NaCl will change. 


010. A compound consisting of the monovalent ions А” and B crystallizes in the body -centre cubic 
lattice. If one of A’ ions from the corner is replaced by a monovalent ion С”, what would be the 
simplest formula of the resulting compound? 


a АВС b. АВС, 
c ABC, d. АВС, 
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011. Column | Column Il 

(Distribution of particles X and Y) (Formula) 

(a) Х= At the corners (p) XY 


Y = At face centres 


(D X= At the corners and face centres (q) Xy, 
Y = In all tetrahedral voids 


(c) Х= At the corners (r) XY, 
Y= One on each body diagonal 


(d) X= At the corners and face centres (s) XY, 
Y= At the edge centres and body centre 


(a) A-r B-q, C-p, D-s (b) A-s, B-p, C-r, D-q (c) A-q, B-r, C-p, D-s (d) A-r, B-q, C-s, D-p 


Q12. Column | Column Il 
(Position of particles X and Y) (Formula) 
(a Y= in cubic close packing (p XY 


X = in tetrahedral voids 


(b) X= in cubic close packing (q) ЖҮ, 
Ү = equally distributed between octahedral and tetrahedral voids 


(c) Y= іп cubic close packing (r) X,Y 
X= in octahedral voids 


(d) Y= іп hexagonal close packing (s) XY, 
X= in 2/3rd of octahedral voids 


(a) A-p, B-q, С-г, D-s (0) А-д, B-p, C-s, D-r (c) A-r, B-s, C-p, D-q (d) A-s, B-p, С-г, D-q 


Q13. If an atom is placed on each lattice point, the number of atoms per unit cell for primitive, body 
-centered cubic and face-centred cubic lattice, respectively, are ? 


a. 1,1 and 4 b. 1, 2апа4 
С. 1,4 and 2 d. 1,1 and1 


014. А solid has a structure in which platinum ions are located at the corners of unit cell; oxide 
ions are located at the cube edges and sodium ions at the cube centres. The chemical 
composition of this solid is 
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a. NaPtO, b. Na,PtO 
C. NaPt,O d. Na,PtO 


Q15. A compound of ‘A’ and ‘B’ crystallizes in a cubic lattice in which ‘A’ atoms occupy the lattice 
points at the corners of the cube. The atoms ‘B’ occupy the centre of each face of the cube. 
The probable empirical formula of the compound is 





a. AB, b. A,B 
c. АВ d. AB, 
016. Arrangement of X ions around A’ ion in solid AX is given. If the radius of X is 250 pm, radius 
of A’ is 
а. 104 рт 
D. 125 pm 
С. 183 pm 
d. 5/ pm 


017. The arrangement of X ions around A’ ions in solid AX is given in the figure (not drawn to 
scale). If the radius of X is 250 pm, the radius of A’ is 





POO KO 
Ae 
a. 104рт ind b.  183pm 
C. 125 pm d. o/pm 


Q18. If spheres of radius ‘r’ are arranged іп ccp fashion (ABC ABC.) The vertical distance between 
any two consecutive A layers is 


a ar V2. b. 4/3 
3 2 
C. 6r d. r6 


Q19. The number of atoms in 100 g of a face crystal with density = 10 g/cm’ and cell edge equal to 
200 pm is equal to 
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a 5x10" b. 5x10? 
C. | 6x10? d. 2x10? 


Q20. Ice crystallises in a hexagonal lattice having a volume of the unit cell as 132 х 10° cm". If 
density of ice at the given temperature is 0.92g ст“, then the number of H,O molecules per 


unit cell is 
a. 1 b. 2 
C. 3 d. 4 


Q21. The edge length of a face centered cubic cell of an ionic substance is 508 pm. If the radius of 
the cation is 110 pm, the radius of the anion is 


а. 144 рт b. 288 рт 
С. 398 pm d. 618 pm 


Q22. Percentages of free space in cubic close packed structure and in body centred packed 
structure are respectively 


a. 48% and 36 % b. 30% and 26 % 
c. 26% and 32 % d. 32% and 48 % 
Q23. Copper crystallizes in fcc with a unit cell length of 361 pm. What is the radius of copper 
atom? 
д. 108 pm b. 15/7 pm 
б, 12/ pm d. 181 pm 


Q24. Number of unit cells in 4 g of ‘x’ (atomic mass = 40) which crystallize in bcc pattern is : (N,= 
Avogadro number) 


a  04N, b. 2x04 N, 
c. 0.12 N, d. 2xN, 


Q25. In an ionic compound A'X, the radii of A* and X ions аге 1.0 pm and 2.0 pm respectively. It 
shows NaCl type of crystal structure. The volume of the unit cell of the crystal of AX will be 


a | 2/pm b. 64pm’ 
c. 125 pm’ d. 216 pm’ 
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Q26. Schottky defect in crystals is observed 


д. 
D. 
C. 


d. 


when unequal number of cations and anions are missing from the lattice 
when equal number of cations and anions are missing from the lattice 
when the density of the crystal is increased 


when an ion leaves its normal site and occupies an interstitial site. 


Q27. Ihe colours of some otherwise colourless compounds are due to 


d. 


C. 


Frenkel defect b. Metal deficiency defect 
schottky defect d. Metal excess defect (F-Centres) 


Q28. Crystal with metal deficiency defect is 


d. 


NaCl b. FeO 
KCl d. ZnO 
ANSWER KEY 





UNIT - 2 
SOLUTIONS 


Solutions 


A solution is defined as a homogeneous mixture of two or more constituents (chemical species), 
whose composition can be varied within certain limits. These constituents cannot be separated by 
filtration, sedimentation or centrifugation. A binary solution has two constituents, ternary three, 
quaternary four. The solutions may be gaseous, liquid or solid. The physical state of a solution is 
the physical state of solvent. Generally, the constituent present in small quantity referred to as 
solute and the one present in large quantities is referred to as solvent. 


The amount of solute dissolved in given amount of solvent/solution is referred to as the 
concentration of solute. This chapter focuses on solution obtained by dissolving solid/ liquid / gas 
as in a liquid. 


In a given solution, let solute be represented by (1) and the solvent by (2) 


w, = mass of solute. w, = mass of solvent, 

m, = molar mass of solute, m, = molar mass of solvent, 

n, = moles of solute. n, = moles of solvent 

w,+w, = Mass of solution, (n,+n,) = Total moles of solution, 

d = density in g ст”, V = volume of solution in cm" or mL 


E, - equivalent mass of solute, 


Methods of Expressing the Concentration of a solution 
The concentration of a solution can be expressed in many ways. A few widely used terms are: 


(a) Percent by volume (v/v) : The volume of solute in mL present in 100 mL solution. 


.. volume of solute 


= - x 100 
volume of solution 
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(b) 


Percent mass by volume (w/v) : The mass of solute present in 100 mL solution. 


mass of solute 
=“ Х 
volume of solution 


strength : The amount of solute in grams present in 1000 mL or IL solution. 


_ Mass of solute (in 0) x 1000 
volume of solution (in mL) 


Molarity (M) : The number of moles of solute per litre or per dm of the solution. 


moles of solute 
volume of solution (in L) 


Mole fraction (X) : The ratio of number of moles of one component to the total number of 
moles of all the components present in the solution. 


n 


1 . n 
n. +N, | 


Х = X= => 
i n, tn, 


Molality (m) : The number of moles of solute present in 1 kg of the solvent. 
moles of solute 
mass of solvent (in kg) 


1000 w, 
wm, 


Normality (N) : The number of gram equivalents of solute present per litre of solution. 
_ gram equivalents of solute 
~ volume of soution (in L) 
_W,/E,_ Ww, 
V VE, 








Formality (F) : The number of formula mass in gram present per litre of solution. In case, 
formula mass is equal to molecular mass, formality is equal to molarity. 


Parts per million (ppm) : When the solute is present in trace quantities, the concentration is 
often expressed in ppm. It is the amount of solute in 'gram' present in 10° gram of solution. 


mass of solute 


= odis ani TE ais 
mass of solution 
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Relation between various concentration terms 


(i) Mole fraction and molality 


n, П, 
X= n*n X= пп, 











X: = п, м/т, _ Мт, 
X, n, w/m, wm, 
1000 X, _ 1000w 


or 2 = molality (m) 


m, X, mM, W, 


„= 1000X, = 1000 x, 


m, X, (1 т Х,) m, 





(ii) Molarity and mole fraction : 
Mass of solution = n, т, + n,m, 


mass _ (n,m, + п,т,) 
density d 





volume of solution = 


moles of solute x 1000 
volume of solution 


1000n,d 
(n,m, + n,m.) 


Molarity = 


Dividing both numerator and denominator by (n, + n;) 


_ 1000d(n(n*n)x  X,x1000xd 


XQ n. Х.т, + Xm 


_ 1000d X, 


X m, + X,m, 





(iii) Molarity of mixing : Let there be three samples of solution (containing same 
solvent and solute) with their molarity M, М,, M, and volumes V,, V, V, 
respectively. These solutions are mixed, molarity of mixed solution may be given 
as: 
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M,V, + MV, + М.М, = M (V; + V,+ V3) 


where, M = resultant molarity 


V, + V, + V, = resultant volume after mixing 


(iv) Molarity (M) and Molality (m) 


Molarity means M moles of solute in 1L of solution. 


mass of solute - m, M 


mass of solution = (1000 x d) 


— mass of solvent = 1000 d - m, M 


Molality (m) = eui 
1000d - m,M 


Note : 


Molality is the most convenient method to express concentration and is independent of 
temperature. 


Molarity is dependent on volume and hence on temperature as well. 
A millimolar solution is 0.001 M. 

Molarity can also be expressed in terms of density (d) of solution. 
d- density of solution (g/mL) 

Let it contains x 9o solute by mass 


— mass of 1 litre solution = 1000d 








mass of solute in 1 L solution - i 0 
Molarity = number of moles of solute in 1 L 
M = 10x d 
m, 
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Solved Examples: 


01. 


Ans. 


A solution is prepared by mixing equal volumes of solution A, 49% by mass of H,SO, 
(density = 1.8 g/mL) and solution B, 70% by mass of Н,50, (density = 1.6 g/mL). What is 
the molality and molarity of resulting solution? 


For calculating molality of the resulting solution : Let the volume of two solutions taken be 
100 mL each. 


Solution A 
Mass of 100 mL of 49% H,SO, = 1.8 x 100 = 180 g. 
Mass of H,SO, in this solution = ET х 180 = 88.2 g 
Mass of H,O = 180 - 88.2 - 91.8 g. 
Solution B 
Mass of 100 mL of 70% H,SO, = 1.6 x 100 = 160 g. 
Mass of H,SO, in this solution = T x 160 
- 112g 
Mass of water = 160 - 112 = 48g 
Total mass of H,S0, = 88.2 + 112 = 200.2 g 
Total mass of water (solvent) = 91.8 + 48 = 139.8 g. 


200.2 
moles of Н,50, = 9g = 2.04 mol 


4,,  1Í:701es of Hj50, 2.04 mol 
MIDI mass of solvent (kg) 0.1398 kg 


= 14.61 m 


For Calculating molarity of the resulting solution: 


Let the mass of each solution taken be 100 g 


Solution A 
Volume of 100 g of 49% by mass of H,SO, 
100 100 
E e ute mb 
d 18" 
_ _ 100 
1.8x 1000 
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Q.2. 


No. of moles of H,S0, in 100 g of solution 


д9 
98 
Molarity of this solution ‘A’ = 49 Х 1.8 x 10 
98 x 1 
= 9M 
Solution B 


Volume of 100 g of 70% by mass of H,S0, 


_ 100 

таш 

_ 100 
1.6 x 1000 


No. of moles of H,SO,in 100 g of solution B. 


70 
98 


Molarity of this solution B 


70 xX 1.6 x 10_ 16.47 M. 
98 x 1 


Molarity of solution obtained by mixing equal volumes of solutions А and B 
Let 100 mL of each solution be mixed 
M,V, + MV, = M (V, + V,) 
9 x 100 + 16.47 x 100 = M x 200 
М = 12.74 M 
The molarity of solution = 12.74 M 


A solution (density 1 g mL") is prepared by dissolving 2.65 g of anhydrous sodium 
carbonate in 250 mL solution. Calculate the following: 


(i) mass percent of anhydrous sodium carbonate 


(il) ^ mole fraction of anhydrous sodium carbonate 
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(iii) molalities of Na‘ and CO," ions. 

(iv) molarity of the solution 
Solution 

Density of solution  =1 g mL” 


Total mass of solution = 250g 


(i _ Mass percent of Na,CO, = oar x 100 
= 1.06% 


Molar mass of anhydrous sodium carbonate, Na,CO, = 106 g mol" 


(ii) No. of moles of sodium carbonate 


2.65 
= <~ 260.02 | 
106 0.025 то 
Mass of water = 250 - 2.65 = 247.35 g 
moles of water x m 13.74 mol 
n, 0.025 





Mole fraction of Na,CO, (X,) = O o — 
= 0.0018 
No. of moles of Na’ = 2 x no. of moles of Na,CO, 


= 2 х 0.025 = 0.050 mol 
moles of Na’ 
mass of H,O (in kg) 
= 0.050 x 1000 — 0.20 m 
247.39 


molality of СОЈ = 0.5 x 0.20 = 0.1m 


molality of Na’ = 


Molar mass of anhydrous Na,CO, = 106 g mol’ 





| ' We 
Molarity of the given solution = mx V 
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where V = vol of solution in litre 


2.65 


106x025 ^^” 


Molarity = 


PRACTICE QUESTIONS 


1. А molal solution is one that contains one mole of solute in 


(a) 1000 g of solvent (b) 1.0 L of solvent 
(c) 1.0L of solution (d) 22.4 L of solution 
2. In which mode of expression, the concentration of a solution remains independent of 
temperature? 
(a) Molarity (b) Normality (c) Formality (d)  Molality 


бА Dissolving 120 g of urea (mol. wt. 60) іп 1000 g of water gave а solution of density 1.15 0 
mL”. The molarity of the solution is 


(a) 1.78 M (b) 2.00 M (c) 2.05 M (d) 2.22 M 

4. The molarity of a solution obtained by mixing 750 mL of 0.5 M HCI with 250 mL of 2 M HCI 
will be 
(a) 0.875 M (b) 1.00M (с) 1.75 M (d) 0.0975 M 

5. If equal volumes of 3.5 М CaCl, and 3.0 M NaCl are mixed, what would be the molarity of 


chloride ion in the final solution? 
(a) 2M (b ЗМ (c) 4M (d OM 


6. How many millilitres (mL) of 1 M H,SO, solution is required to neutralise 10 mL of 1 M 
NaOH solution? 


(a) 2.5 mL (b) 5.0 mL (c) 10.0 mL (d) 20.0 mL 
fs The normality of 10% (weight/volume) acetic acid is 


(а) 1N (b) 0.1 N (c) 17N (d) 0.83N 
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8. Mole fraction of glucose іп 18% (wt./wt.) solution of glucose is 
(a) 0.18 (0) 0.1 (c) 0.017 (d) 0.021 


9. The molarity of pure water is 
(a) 55.6 (b) 50 (c) 100 (d) 18 

10. А 5.2 molal aqueous solution of methyl alcohol (CH,OH) is supplied. What is the mole 
fraction of methyl alcohol in the solution? 
(a) 0.190 (b) 0.086 (c) 0.050 (d) 0.100 


ANSWERS 





SOLUTIONS - Il 
TYPES OF SOLUTIONS 


Out of various types of solutions, we shall focus on solutions obtained by dissolving 

(i) X gasin liquid 

(ii) ^ liquid in liquid 

(iii) ^ solid in liquid 
Gas in liquid : А few examples are aerated drinks, natural water, house cleaner. Factors affecting 
the solubility of gas in liquid 

(i ^ Nature of the gas and liquid 

(ii) ^ Temperature 


(ill) Pressure 
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Dissolution of a gas in a liquid is an exothermic process therefore solubility of most of the gases іп 
liquid decreases with increase of temperature, It is because of this, the Global warming is alarming 
for survival of aquatic life as it is decreasing the concentration of the dissolved oxygen in water. 
Pressure is the most important factor that influences the solubility of gas. 


Effect of pressure on the solubility of a gas in a liquid (Henry’s law) 


Mass of a gas dissolved in a given volume of liquid at constant temperature is directly 
proportional to the pressure of the gas in equilibrium with the liquid. 


m œ P 

m= K.p 

For mixture of gases in equilibrium with a liquid, the partial pressure of each gas is directly 
proportional to the mole fraction of the gas in the solution. 

p, = KX, - (Unit of K, = atm or bar) 

a) K, is a function of nature of the gas. 


0) Greater the value of K,, lower is the solubility at the same pressure. 


C) K, increases with increase of temperature implying that solubility decreases with 
increase of temperature at the same pressure. 


Applications of Henry's Law 


(i) In production of carbonated beverages. Under high pressure, solubility of CO, 
increases. On opening the bottle to atmospheric pressure solubility decreases and the 
gas bubbles out. 


(ii) In deep sea diving. Compressed air cylinder is used to get more oxygen in the blood 
but dissolved nitrogen causes a disease called decompression sickness. Hence, air 
diluted with helium is used. 


(iii) In the function of lungs. In the lungs, partial pressure of O, is high. It combines with 
haemoglobin to from oxyhaemoglobin. In the tissues, partial pressure of O, is low. 
Therefore, O, is released from oxyhaemoglobin for functions of the cell. 


(iv) For climbers or people living at high altitude. Concentration of O, in the blood and 
tissues is so low that they feel weak and are unable to think properly, a disease called 
anoxia. 
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Limitations 

Henry’s law does not hold good if : 

e Pressure is very High 

© Temperature is very low 

© Gas combines chemically with solvent 


Exceptions 
The solubility of NH, or CO, in water is high because of the following reaction : 
NH,+H,O=NH,OH == NH,+0OH 
CO, + H,0 ~~= H,CO, 
oolubility of oxygen is blood is abnormally high because of the presence of haemoglobin in blood 
Hb + 40, —2 Hb (0,), 
Vapour pressure of a solution 
Let some pure liquid be taken in a closed vessel, The liquid at the surface vapourises and fills the 
available space. After sometime, an equilibrium is established between the liquid and vapour 
phases. The pressure exerted by the vapours in this state is referred to as the vapour pressure of 
liquid. 
If some solute(solid/liquid) is added to this solvent two possibilities arise: 

(i) ^ solute is volatile 

(il) ^X solute is non-volatite 
(i) Solute is volatile 
The solution is taken in a container and closed with a lid. The vapour phase contains vapour of 
both solute and solvent. The total pressure exerted by these vapours is referred to as the vapour 


pressure of solution. The partial vapour pressure of a component in such type of solution is given 
by Raoult's Law. 
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(ii) Solute is non-votalile 


There is no contribution from solute in the vapour phase. The vapour pressure of such solution is 
equal to the partial vapour pressure of solvent molecules 


Raoult's law for volatile liquids 


In a solution the vapour pressure of a component at a given temperature is equal to the mole 
fraction of that component in the solution multiplied by the vapour pressure of that component in 
the pure state. 


Pa = PX, 
Ps = р. 
Роа = Pa + Рв= Хр „+ Xe р в 
= (1-Х,)р,+ Xs P's 
OF Dou = (P'o - DA) Xo + DA 
Hence, plot of Doa vs X, should be a straight line. It is found to be so for ideal solution. 


о 
Р» 


Vapour Pressure——» 
y 
> 





1 | 
0 Mole Fraction 
— p 


Formulation of ideal solution 


Liquid pairs whose molecules are generally similar in size and structure form ideal solutions e.g. 
bromoethane and chloroethane 


The mole fractions of the two constituents in the vapour phase are calculated as follows. 


_ Pr _ M 
у, р р, + рв р Dia 
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_ Ps рв 
ue Д ра+рь | Юа 
Уз= 1- y, 


° Raoult’s law is applicable only if the two components forming the solution have similar 
structure, e.g., benzene + toluene, hexane + heptane etc. Their solutions are called ideal 
solutions. 


° The law is not applicable if the components are not completely miscible or if the components 
have widely different structures. 


° Effect of adding non-volatile solute on vapour pressure of a liquid. The vapour pressure of a 
liquid decreases if some non-volatile solute is dissolved in it because some molecules of the 
solvent on the surface are replaced by the molecules of the solute. 


e Vapour pressure of solutions of solids in liquid (Raoult’s law for non-volatile solutes) 
As solute is non-volatile, 


V.P. of solution (p,) = V.P. of solvent in solution 


= Mole fraction of solvent in solution x V.P. of pure solvent 

















p-pX, 
D , M 
p == пъп, 
1- » = 1-X, 
or PP ly, 
D 
This is Raoult's law for non volatile solute 
p-p _ p 
p p 


is known as relative lowering of vapour pressure. 


Relative lowering of vapour pressure of a solution containing a non volatile solute is equal to the 
mole fraction of the solute in the solution. 


For a dilute solution 


р-р, — Ns _ Ws „ M, 
р" Na M; W, 
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Ideal Solutions 


A solution in which each component obeys Raoults law under all conditions of temperatures and 
concentrations. In such solutions, the molecules of the liquid pair one generally similar in size and 
Structure. Also, in such solutions : 


(a) AM nix -0 (b) AV ni =0 
(c) Forces between A-B are same as between A-A and B-B. 
eg. Benzene + toluene, hexane + heptane, bromoethane + chloroethane 


Vapour pressure diagram for ideal solutions is shown below 


o 
P's 


Vapour Pressure——» 
y 
> 





Hog 
О 


Хв 
XA 


E 
zd Mole Fraction of B 
— ——————————— 


Formulation of non-ideal solution 


ouch solutions show either higher experimental values of vapour pressure (Piw) or lower 
experimental values of vapour pressure than those calculated from Raoult’s law. The cause for 
these deviations lies in the nature of interactions at the molecular level. On mixing two dissimilar 
substances, their molecular environment will change. 


Non ideal solution 


+ve deviation -ve deviation 

(a) АН, = +ve AH = -ve 

(b) AV = +Ve AV = -Ve 

(c) Forces between A-B are weaker Forces between A-B are stronger 
than in A-A and B-B than in A-A and B-B 

(d) boil at relativity low temperature (d) boil at relatively high temperature 
e.g. methanol + water, HCI + water, 
ethanol + water HNO, + water 


STUDY MATERIAL FOR CHEMISTRY - XII 


Vapour Pressure 
of solution 


Vapour Pressure ————» 





x, = 0 Mole Fraction х, = 1 
xX, = 1 x> х,=0 
< Хх, 


(а) 
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Vapour Pressure 
of solution 


Vapour Pressure ————» 





Mole Fraction 

х, = 1 ху 

< X, 
(b) 


Raoult's law is not valid when solute undergoes association or dissociation in given solvent. 
Azeotropes 


Liquid mixture, having the same composition, in liquid and vapour phase and boiling like a pure 
liquid is called a constant boiling mixture or an azeotropic mixture or an azeotrope. 


Maximum Boiling Azeotropes 


oolutions showing negative deviation from Raoults law and for which vapour pressure is 
minimum. The boiling point is more than either of the two components. For example, a mixture of 
nitric acid (b.pt. 359 К) and water (b. pt. 3/3 К) containing 68% nitric acid forms an azeotrope 
with b.pt. 393.15 K. 


Minimum Boiling Azeotropes 


solutions showing positive deviation from Raoult's law and for which vapour pressure is 
maximum. The boiling point is less than either of the two pure components. For example, mixture 
of ethanol (b. pt. 351.3 К) and water (b.pt. 3/3 K) containing 95.4% ethanol forms azeotrope with 
b.pt. 351.15 K. 


Vapour pressure of liquid and temperature 


Vapour pressure of liquid increases with temperature. 


Vapour pressure 
Log,, p 


Temp — —— —» IT ————» 
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If vapour pressure of a liquid is known at a temperature, it can be calculated at another 
temperature using Clausius - Clapeyron equation 


LENS e 22 
Log, (2) = 2308R VT, T, 


Colligative Properties 











Properties which depend on the number of particles of solute and do not depend on the nature of 
solute. There are four colligative properties : 


|) Relative lowering of vapour pressure 
ii) Elevation in boiling point 
iii) Depression in freezing point 


iv) Osmotic pressure 


RELATIVE LOWERING OF VAPOUR PRESSURE 


Formula used (Raoults law for non-volatile solutes) for solid (non-volatile) solute dissolved in 
liquid, 


р°-р Пв W,/ M, 








р" nn, w,/M, +w,/M, 
EN W,/M, , 
n, ^ w,/M, for dilute solutions 


oince relative lowering of vapour pressure depends on the number of moles, so it is a colligative 
property. 


ELEVATION IN BOILING POINT 
Boiling point of a liquid is the temperature at which vapour pressure of liquid becomes equal to 


atmospheric pressure. As the vapour pressure of solution is lower than that of solvent, its boiling 
point is higher. 
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Atmospheric 


Pressure 


gne 


MS 


AT, | 


Vapour pressure ———» 





Temperature ly T 
> 


AT,=K,. т 


If m=1, AT,=K, 
K, =Molal elevation constant / ebullioscopic constant 
Ebullioscopic Constant 


It is the elevation in boiling point when the molality of solution is unity. 





SI unit : K kg mol” 
АТ = К,. т 

кез Ww, 1000 
T,-T, = Кх M, X w, 


T,= boiling point of solution 

T, = boiling point of pure solvent 
w,= given mass of solvent 

w,= given mass of solute 

M,- molecular mass of solute 


Relationship between K, and enthalpy of vaporisation (A,,,H) 
K _ M,R( Pur 

” 1000 x A, H 

Relationship between K, and latent heat of vaporisation (I,) 


As H( P 
1000 1, 
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DEPRESSION IN FREEZING POINT 


gowent 








en 


‘AT, 
‘+> 


Vapour pressure ———» 





n T 
Temperature —————» 
Freezing point of a substance is the temperature at which the solid and liquid forms of the 
substance are in equilibrium and their vapour pressures are equal. Freezing point of solution is 
always lower than that of the pure solvent. 


Due to lower vapour pressure of the solution, solid from a solution separates out at lower 
temperature. The decrease is called the depression in freezing point. 


AT, = T-T, 
T; - freezing point of pure solvent 
T, - freezing point of solution 
Depression in freezing point is given by equation : 
АТ = К.т 
K,=molal depression contant / cryoscopic constant 
If т= 1, АТ = К 
Molal Depression Constant 
Depression in freezing point when molality of solution is unity. SI unit = K kg mol” 


Relationship between molal depression constant and enthalpy of fusion 


K= МАТ) 
1000A, Н 


fus 
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Relationship between molal depression constant and latent heat of fusion 


A(T) 
K=7000 1 


Applications of depression in freezing point 





1. Ethylene glycol is used as antifreeze (causes depression in freezing point) in automobiles. 


2. NaCl or CaCl, is sprinkled on roads to melt ice because salt-ice mixture has very low 
freezing point. 


OSMOSIS 


Net spontaneous flow of solvent molecules from solvent to the solution or from less concentrated 
solution to a more concentrated solution through semipermeable menbrane. 


Osmotic Pressure - Minimum excess pressure that must be applied on the solution to prevent the 
entry of solvent into the solution through the semipermeable membrance 


Reverse Osmosis - |f a pressure higher than osmotic pressure is applied on the solution the 
solvent will flow from the solution into the pure solvent through the semi permeable membrane. It 
is used in the desalination of sea water. 


п= СВТ 


П 
2 V 


ao 
Л = M,,V RT 


Isotonic solutions. Solution having the same osmotic pressure are called isotonic (or isosmotic) 
solutions: This is so only when they have the same molar concentration, (л, = л, when c, = C,), 
Thus, if a solution containing w, g of solute 1 of molar mass M, in V, litre of the solution is 
isotonic with a solution containing w, g of solute 2 of molar mass M, in V, litre of the solution, 


W, г W, 
M,V, M,V, 


Knowing М,, M, can be calculated. 
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ө Hypotonic and hypertonic solutions : A solution having lesser osmotic pressure (lower 
concentration) than the other is called hypotonic. A solution having higher osmotic pressure 
(higher concentration) than the other is called hypertonic. 


Example: A 0.91% solution of pure NaCl is Isotonic with human red blood corpuscles (RBC). 
A NaCl solution with concentration <0.91% is called hypotonic and RBC will swell and even 
burst in this solution. A NaCl solution with concentration >0.91% is called hypertonic. RBC 
Shrink in this solution. 


© Advantage of osmotic pressure method for polymers. Osmotic pressure method is the best 
method for determination of molar masses of polymers because for polymer solutions, 
observed value of any other colligative property is too low to be measured accurately. 
Moreover, it can be carried out at room temperature. No heating or cooling is required. Some 
polymers, e.g., proteins undergo a change on heating. 


ASSOCIATION OR DISSOCIATION OF SOLUTE AND ABNORMAL MOLAR MASSES 


e X Abnormal molar mass. When the molar mass of a substance as determined by using 
colligative properties, does not come out to be same as expected theoretically, it is said to 
show abnormal molar mass. 


e Abnormal molar mass is obtained when the substance in the solution undergoes 
dissociation, i.e., case of electrolytes (e.g., NaCl in water) or association (e.g., organic 
acids in benzene). Dissociation results in the increase in the number of particles and 
hence increase in the magnitude of colligative property and decrease in the molar mass 
(as in each formula, molar mass is inversely proportional to colligative property, e.g., 
M, ec AT or ar Association results in the reverse. 


e Van't Hoff factor. This factor was introduced to calculate the extent of association or 
dissociation 


It is the ratio of the experimental value of the colligative property to the calculated value of 
the colligative property. It is represented by T, i.e., 
n Experimental value of the colligative property 
~ Calculated value of the colligative property 
1 


As molar mass e IS 
Colligative property 
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Calculated molar mass M 


C 


hence, | 


= Observed molar mass M, 





number of solute particles after association or dissociattion 
number of solute particles before association or dissociation 


Modified formulae for substances under going dissociation or association in the solution 


. n 
та сыну 





AT,-iKm 
AT, = | Km 
e Calculation of degree of dissociation. ЇЇ one molecule of a substance A dissociates to form n 


particles, (molecules or ions) and о is the degree of dissociation, then starting with one mole 
of A. 


А + nP 
Initial 1 mol 0 
At ейт. 1-a na 


Total no. of moles at equilibrium 


=l-at+na 
г Jn о+ по m | 1-1 
004 |. n-1 


e.g., in case of BaCl,, 


BaCl, —> Ba^«2Cl', n = 3 


e Calculation of degree of association. |f n molecules of a substance A associate to from А, 
and o is the degree of association, then starting with one mole of A. 


Е ПА — A, 
Initial 1 mol B 
At eqm. 1-a = 
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Total no. of moles at equilibrium 
=1-a+ © 
n 


1-a + © 
n 


ОГО 2 ——— 
| - i/n 


e.g., in case of benzoic acid in benzene 
26,H,C00H ——— (C,H.COOH),, n = 2 
o. is sometimes called apparent degree of dissociation or association. 


Comparison of Osmotic Pressure, Freezing point, Boiling point of solutions of non 
electrolytes and Different Electrolytes 


For comparison, the value of a colligative property or molar concentrations of particles (ions 
or molecules) are considered. Thus, 


ө As electrolytes dissociate to give ions. Solution of an electrolyte will show greater value of a 
colligative property than that of a non-electrolyte of same molar concentration. 


ө For solutions of different electrolytes (NaCl, BaCl, etc.) of the same molar concentration, 
greater the number of ions produced, greater is the value of colligative property. 


© solutions of different non-electrolytes (urea, glucose etc,) of the same molar concentration 
will show the same value of the colligative property. 


ө Comparing solutions of the same or different non-electrolytes, greater the molar 
concentration, greater is the value of the colligative property. 


ө In case of polymers, elevation in boiling point and depression in freezing point values аге 
very small and difficult to be measured experimentally. 


ө Osmotic pressure of mixture of two solutions of same substance having different osmotic 
pressure т, and л, is given as 


T.V, + TV, =T (V, + V,) 


© Osmotic pressure of mixture of two solutions when п, and п, moles of two different solutes 
present in V, and V, volumes of the same solvent, respectively are mixed 


T=, + T, 
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n, I, ai А n, L ВТ 
(VV) (VV) 
н I, +n, I) 


Л = “Vv, n 





Solved Examples 


Q.3. Calculate the molar mass of the solute, 2.175 g of which when added to 39 g of benzene, 
decrease the vapour pressure of the benzene by 40 mm Hg. 


(Vapour pressure of pure benzene = 640 mm Hg). 


Solution 


The addition of solute decreases the vapour pressure of the pure liquid therefore, it is non- 
volatile in nature pu = PaXa 


Vapour pressure of pure benzene = 640 mm Hg 


Vapour pressure of solution = 600mm Hg 


600 - fen — _) 640 


-( 39/78 ) m 
39/78 + 2.175/M, 


on solving, М, = 65.25 g mol" 


Q.4. The vapour pressure of water at 37°С is 150 mm Hg. An aqueous solution containing 28% by 
mass of a liquid B (М, = 140 g mol") has a vapour pressure of 160 mm Hg, calculate 


(1) vapour pressure of pure liquid B; 

(il) ^ composition of two components in the vapour phase; 

(iii) vapour pressure of a solution containing equal mass of the two liquids; 

(iv) vapour pressure of a solution containing equal number of moles of the two liquids. 


Solution 


(i) ^ No. of moles of liquid A (water) к 4 mol 


No. of moles of liquid B = 28 . 02 mol 
140 
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(ii) 


(iii) 


(iv) 


Q 4. 


p (total) ~ = Ар, + Хр, 


160 (ооз) 15 + (222, уо) 


on solving 


p, = 360 mm Hg 


Composition of A in vapour phase (Y,) is given as 






Y, = T (Dalton's law of partial pressure) 
y, = ^D» (Raoult's law) 
У = ас 0.893 
ЖК, 
Moles of A A = 2.// mol. 

50 


Moles of B = 740 ^ 0.357 mol. 


Total moles = 2.77 + 0.357 = 3.127 mol. 


277 0.357 
Peta 427, Т )\50 «(2 127 Jaco 


_ 415.5 | 128.52 _ 473 mm Hg 
3127 3.127 


Equal no. of moles = X, =X, = 0.5 
p= 0.5 x 150 + 0.5 x 360 

= 75 + 180 

= 255 mm Hg 





Calculate osmotic pressure of blood at 298 K given that blood freezes at 272.44 K and a 
solution of 3g of urea in 250 g water freezes at 272.63 K. Take freezing point of water as 273 
K. 


Solution 


We know, 
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АТ = Km-—— (1) 
И «eee (2) 


To calculate molarity of blood, we need to just calculate K, of water from urea solution 


AT = T°-T,) = 273 - 272.63 = 0.37 К 


(AT;) 0.37 


m 3/60 x1000 
250 


Molality of blood 


K- - 1.38 





AT,- T?- T, = 273 - 272.63 = 0.56 K 


_ (АЛ) 056 _ 
m = CK = d85 - 0.303 


The osmotic pressure of blood is 

since, Colligative properties are defined for dilute solution = Molarity = Molality 
п= СВТ 

= 0.303 х 0.0821 x 298 

= 7.4 atm. 


Q6. (a) A 10% (w/w) solution of cane sugar (mol wt. = 342) is isotonic with a 1% solution of 
substance X°. What is the molecular weight of X? (b) What mass of cane sugar must be 
dissolved in 2 kg of H,O to yield a solution that will freeze at -5.58°C? (Kywaey = 1.86 с/т) 


oolution 

(a)  Forisotonic solution 
je T 
s (20, 


For dil solution molarity = molality 
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Q7. 


10/342 1/M, 








M=M> 99/1000 > 99/1000 = "= 3! grmo 
AT, = Г, 7 T, 
- 0-(-5.58) = 5.58°C 
Mane sugar = 342 9 mol” 
1000 Kw, 
Ah- WM, 
W, = AT, W; M, 
25 71000 K 
_ 5.58x2x 342 
1.86 x 1000 
W, = 2.052 Kg 


A compound C.H., when dissolved in benzene, partially dissociates as represented below: 
СНз, = 20,.H,; 

The freezing point of the solution is lowered by 0.7°C when 20 g of this compound is 
dissolved in 300 g of benzene. What percentage of C.H., molecules have dissociated (K, = 

4.9) 1 mol of substance be taken and 


Solution 


Let о be the degree of dissociation 
СНз, S2 СН» 
1-« 20 
Total Number of moles present in the solution = 1- о + 20 = 1 + ао 


Van't Hoff factor, i = 10ta] moles. 
initial moles 
| = 1+0 
The value of ‘i’ can be determined using equation 
AT,=1| Кт 
Molar mass of C}, Ha = M, = 38 x 12 + 30 = 486 g mol-1 


Molality of the solution 


1000 w, 20х 1000 
w,M, = 3800 x 486 


АТ, =i.K.m 





= 0.137 
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АТ, 

K.m 

Е 0.7 

г 4.9х 0.137 


= 1.04 
|= 1+0 
ого =1 - 1 = 1.04 - 1 = 0.04 


v [uc 


Q8. Arrange the following solutions in the order of increasing boiling point and freezing point, 
osmotic pressure. 


(a)  1müUrea (b) 1 m NaCl 
(c) 1m Na,CO, (d) 1 m Na,PO, 


Solution : |f the density of the solution is not given, then molality and molarity are considered to be 
same and it is also assumed that all ionic compounds undergo 100% dissociation. 


Ою [юш | i _ 
иа [т 





2 Na’ + CO," 

3 Na‘ + PO,” 

Greater the value of i, greater is the value of AT,, AT, and m, if solutions have the same 
concentration. 





Boiling point increases as AT, increases. Thus the order of increasing boiling point is 
A<B<C<D 

Freezing point decreases as AT, increases. Thus the order of increasing freezing point is 
D«C«B«A 

since л increases as i increases, the order of increasing л is 

A«B«C«D 
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Q9. What are the structures of benzoic acid when 12.2 g of it is dissolved in 1 kg of benzene (К, 
= 2.6 К kg mol") and 1 kg of acetone (K,=1.7 K kg mol’). The elevation in boiling points are 
0.13°C and 0.26°C, respectively. 


Solution : The molality of the solution 
w, _ 1220 122 


тА, mi m, 











for benzene solution, AT,=K,m 


А , 12.20 
0.13 K = 2.6 K kg mol x отлу xT kg 
26x 12.2 


m, 03 244 0 mol” 


Similarly for acetone M, = 122 g mol" 


The molecular mass of benzoic acid is 122 g/mol. This means in benzene, benzoic acid exists as a 
dimer while in acetone, it exists as a monomer. 
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PRACTICE QUESTIONS 


1. Foran ideal solution with р, > p, Which of the following is true? 
д). (XJ) liquid = (X) vapour 
D). Хш? (Xa) vapour 
C). (Xa) а € (Xa) vapour 
d). There is no relationship between (X4) nuia and (X4) vapour 


2. Тһе millimoles of N, gas that will dissolve in 1 L of water of 298K when it is bubbled through 
water and has a partial pressure of 0.96 bar. K,=/6.8 k bar) 


a) 0.59 b) 0.69 
c) 079 d) 0.89 


3. If two substances A and B have p, : p, = 1:2 and have mole fraction in solution 1:2, then 
mole fraction of A in vapour is 


a) 0.33 b) 0.25 
c) 052 d) 0.2 


4. The mass of solute (molar mass 60 g mol") that must be added to 180 g of water so that the 
vapour pressure of water is lowered by 109^ 15 


a) 300 0) 600 
c) 24g d) 120 g 


5. A solution has 1:4 mole ratio of pentane to hexane. Vapour pressures of pure hydrocarbons 
at 20 °С are 440 mm Hg for pentane and 120 mm Hg for hexane. Mole fraction of pentane in 
the vapour phase is 


a 02 b) 0.478 
c) 0.549 d) 0.786 


6. The elevation in boiling point, when 13.44 g of freshly prepared CuCl, are added to one 
kilogram of water, is (K, = 0.52 kg K mol", molar mass of CuCl,=134.4 g mol") 


a) 0.05 b) 0.1 
c) 0.16 d) 0.21 


7. The Henry's law constant for the solubility of N, gas in water at 298 K is 1.0 x 10° atm. The 
mole fraction of N, in air is 0.8. The number of moles of N, from air dissolved in 10 moles of 
water at 298 K and 5 atm pressure is. 
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a) 40x10" b) 4.0 x 10° 
c) 5.0х10° d) 4.0 x 10* 

0. For a dilute solution containing 2.5 g of a non-volatile non-electrolyte solute in 100 g of 


10. 


11. 


12. 


13. 


water, the elevation in boiling point at 1 atm pressure is 2°C. Assuming concentration of 
solute is much lower than the concentration of solvent, the vapour pressure [mm- Hg] of the 
solution is (K,=0.76 K kg mol’). 


a) 724 b) 740 

с) 736 d) 718 

An azeotropic solution of two liquids has boiling point lower than either of them when it 
a) shows negative deviation from Raoult's Law 

b) shows no deviation from Raoult's Law 

c) shows positive deviation from Raoult's Law 

d)  issaturated 


On mixing, heptane and octane form an ideal solution. At 373 K, the vapour pressures of the 
two liquid components (Heptane and Octane) are 105 kPa and 45 kPa respectively. Vapour 
pressure of the solution obtained by mixing 25.0 g of heptane and 35.0 g of octane will be 
(molar mass of heptane = 100 g mol" and of octane = 114 g mol") 


a) 96.2 kPa b) 144.5 kPa 
c) 72.0 kPa d) 36.1 kPa 


An aqueous solution containing 1 g of urea boils at 100.25 °C. The aqueous solution 
containing 3 g of glucose in the same volume will boil at 


a)  100.75°C b) 100.5°C 
c)  100.0°C d) 100.25°C 


An aqueous solution of glucose boils at 100.01°C. The molal elevation constant of water is 
0.5 К kg mol’. The number of glucose molecules in the solution containing 100 g of water is 


a) 0.02 x 10° molecules b) 3.01 x 10” molecules 
C) 1.50х 10" molecules d) 1.204 x 10° molecules 


The solubility of a gas in water at 300 K under a pressure of 100 atmospheres is 4 x 10° kg 
L'. Therefore, the mass of the gas dissolved in IL solution under pressure of 250 
atmospheres at 300 K is 


15. 


16. 


17. 


18. 


sQ, OP 


UDA AN 


STUDY MATERIAL FOR CHEMISTRY - XII A program to give wings to gil students 
a) 2.5х10° ко 0) 2.0 x 10° kg 
с)  125x10? kg d) 5.0 x 10° kg 

14. Benzene and toluene form nearly ideal solution. At 20°С, the vapour pressure of benzene is 


75 torr and that of toluene is 22 torr. The partial vapour pressure of benzene at 20'C in a 
solution containing 78 g of benzene and 46 g of toluene in torr is 


а) 500 b) 25.0 
c) 375 d) 53.5 


The mass of glucose that should be dissolved in 50 g of water in order to produce the same 
lowering of vapour pressure as produced by dissolving 1 g of urea in the same quantity of 
water is 


a 19 b) 3g 
c) 6g d) 00 


The relative lowering of vapour pressure of an aqueous solution containing non-volatile 
solute is 0.0125. The molality of the solution is 


a) 070 b) 0.50 
c) 0.60 d) 0.80 


Two aqueous solutions S, and S, are separated by a semi-permeable membrane. S, has 
lower vapour pressure than S, of a non-volatile solute, Then 


a) тоге solvent will flow from S, to S, 

b) тоге solvent will flow from S, to S, 

C) solvent from 5, and S, will flow at equal rates 
d)  noflow will take place 


When 3 g of a non-volatile hydrocarbon containing 94.4% carbon is dissolved in 100 g 
benzene, the vapour pressure of benzene is lowered from 9.953 kPa to 0.823 kPa. The 
molecular formula of the hydrocabon is 


a) C.H, b) Sm 
С) C.H; d) boh 
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19. A solution has 1:4 mole ratio of pentane to hexane. The vapour pressure of the pure 
hydrocarbons at 20°C are 440 mm Hg for pentane and 120 mm Hg for hexane. The mole 
fraction of pentane in the vapour phase is 


a) 0.200 b) 0.478 
c) 0.549 d) 0.786 
ANSWERS 
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PRACTICE QUESTIONS 


200 mL of an aqueous solution of a protein contains 1.26 g. The osmotic pressure of this 
solution at 300 K is found to be 2.57х10° bar. Molar mass of protein will be 


a)  51022gmol' р) 122044 g mol" 
C) 3101109 mol’ d) 61038 g mol’ 


100 cc of 1.5% solution of urea is found to have an osmotic pressure of 6 atm and 100 cc of 
3.42% solution of cane sugar is found to have an osmotic pressure of 2.4 atm. If the two 
solution are mixed, osmotic pressure of resulting solution will be 


a)  8.4atm D) 4.2 atm 

b)  16.8atm d) 2.1 atm 

Which of the following 0.1 M aqueous solution will have lowest freezing point? 

a) _ Potassium Sulphate D) oodium chloride 

b) Urea d) Glucose 

0.004 M Na,SO, is isotonic with 0.01M glucose. Degree of dissociation of Na,S0, is 
a) 75% b) 50% 

b) 25% d) 85% 


Freezing point of a solution containing 0.1 g of K,[Fe(CN),] (mol. wt. 239) in 100 g of water 
(К,=1.86 К kg mol’) is 

a) -2.3x10°°C b) 4x 10° °C 

b -5.7x10° °C d) 4 x 10? °C 


A decimolar solution of potassium ferrocyanide is 50% dissociated at 300 K. Calculate the 
osmotic pressure of the solution. 


a)  /.48atm D) 0.24 atm 

b) 6.29 atm d) 5.46 atm 

A motor vehicle radiator was filled with 8 litre of water in which 2 litre of a non-volatile solute 
(molar mass 32 g mol") was added. What is the lowest temperature at which the vehicle can 
be parked without a danger of freezing of water? (K,of water = 1.86 K kg mol’ and density of 
methanol = 0.8 g mL") 

a)  11.625'C D) -11.625'C 

b) 14.531€ d) -14.531'C 
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10. 


11. 


12. 


13. 


14. 


The solutions A, B, C and D are respectively 0.1 M glucose, 0.05 M NaCl, 0.05 M BaCl, and 
0.1 M AICI,. which one of the following pairs is isotonic? 


a) A&C b) B&C 
b C&D d) A&B 


А solution containing 0.10 g of non-volatile solute X (molar mass = 100) in 200 g of benzene 
depresses the freezing point of benzene by 0.25" C while 0.50 g of another non-volatile solute 
Y in 100 g of benzene by 0.25°C. What is the molar mass of Y? 


a) 90 b) 100 
b) 150 d) 1000 


A solution containing 1.8 g of a compound (empirical formula CH,O) in 40 g of water is 
observed to freeze at -0.645°C. The molecular formula of the compound is (K, = 1.86 kg K 
mol") 


a) СН, b) C,H;0, 
b) CH0; d) С.Н.0, 


К, for water is 1.86 К kg mol’. If your automobile radiator holds 1.0 kg of water, how many 
grams of ethylene glycol (C,H,O,) must you add to get the freezing point of the solution 
lowered by 2.8°C? 


a) 270 D) 729 
b 930 d) 39 g 


Calculate the molal depression constant of a solvent which has freezing point 16.6°C and 
latent heat of fusion 180.75 J g”. 


a) 2.68 b) 3.86 
b) 4.68 d) 2.86 


The freezing point of water is depressed by 0.37°C in a 0.01 molal NaCl solution. The freezing 
point of 0.02 molal solution of urea is depressed by. 


a) 037€ b) 0.74°C 
b) 0.185°C d) 0°C 


0.004 M solution of Na,SO, is isotonic with 0.010 M solution of glucose at the same 
temperature. The apparent degree of dissociation of Na,sO, is. 


a) 25% 0) 50% 
b) 75% 0) 85% 
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15. 


16. 


17. 


18. 


19. 


20. 


The freezing point depression constant of water is 1.86°C m”. If 5.00 g of Na,SO, is dissolved 
in 45.0 g of H,O, the freezing point is found to be -3.82°C. Calculate the van't Hoff factor for 
Na,S0,. 


a) 0.381 b) 2.05 
b) 2.63 d) 3.11 


0.01 M solution of KCI and BaCl, are prepared in water. The freezing point of KCI solution is 
fount to be -2°С. What is the freezing point of BaCl, solution, assuming complete lonization? 


a 8% b) 006 
b  -2°C d) -4°C 


Van't Hoff factors of aqueous solution of X, Y and Z are 1.8, 0.8 and 2.5 respectively. Hence, 
correct order of the colligative property will be? 


а) Fpt:Y«X«Z b) VP:Y«X«Z 

b | Bpt:Y«X«Z d) Osmotic pressure : X = Y 2 Z 

If osmotic pressure of 1 M urea is x, what will be the osmotic pressure for 0.1 M NaCl? 
a m b) 0.1л 

D) 2r d) 0.27 


Phenol associates in benzene to certain extent to form dimer. A solution containing 2.0 x 
10° kg of phenol in 1.0 kg of benzene has its freezing point decreased by 0.69K. Calculate the 
degree of association of phenol (К for benzene = 5.12 K kg mol’) 


a) 0.82 b) 0.64 
b 0.73 d) 0.98 


An aqueous solution containing 1.248 g of barium chloride (molar mass = 208.34 g mol’) in 
100 g of water boils at 100.0832°C. Calculate the degree of dissociation of BaCl, (K; for water 
= 0.52 K kg mol’) 


a) 0.735 b) 0.645 
b) 0.835 d) 0.555 


SOLUTIONS 
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ANSWERS 





UNIT-3 
ELECTROCHEMISTRY 


Electrochemistry in concerned with the interrelation of electrical and chemical effects. i.e. 
production of chemical change by electrical energy (electrolysis) and conversion of chemical 
energy into electrical energy. The reactions involve transfer of electrons and are therefore redox 
reactions. 


substances that allow the flow of electrons as electric current through them are called electrical 
conductors. These substances obey ohm's law and are of two types : 


Matallic / electronic Conductor Electrolytic conductor 


e Flow of electricity due to movement of Flow of electricity due to movement of ions 
electrons 


e No chemical change as there is no lons are oxidised or reduced at the electrodes, 
transfer of matter. hence involve transfer of matter . 


e  Faradays law is not followed Faraday's law is followed 


e Conduction decreases with temperature Conduction increases with temperature 
because kernels start vibrating which because dissociation increases and viscosity 
interfere in the flow of electrons decreases 


e Depends upon nature, structure of metal Depends upon nature of electrolyte (weak or 
and number of valence electrons per strong), size of ions and their solvation, nature 
atom. of solvent and viscosity. 


Electrochemistry І : Electrolytic cells 


The device in which conversion of electrical energy into chemical energy is done is known as 
electrolytic cell. An electrolytic cell consists of a vessel for electrolytic solution or molten 
electrolyte in which two metallic electrodes connected to a source of electric current are immersed. 
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If an electrolytic solution consists of more than two ions then during electrolysis all the ions are 
not discharged simultaneously but certain ions are liberated at the electrode in preference to the 
others. This is based on the principle of preferential discharged theory which states that the ion 
which requires least energy is discharged first. The discharge potential of Н" ions is lower than Na’ 
ions, similarly discharge potential of CI ion is lower than that of OH ions. This can be explained by 
a few examples: 
e Electrolysis of CuSO,solution using Pt electrodes 
Possible reactions at : 
Cathode — Cu^(aq)«e ———> Cu(s) Е 24, = 0.34 V 
2H,0(l) + 2e ———> H,(g) + 20H (aq) E нон, - 0.83 V 
Anode 250, (aq) —> 5,0, (aq) + 2e Кыл = 2.9 V 
2H,0(l) —> 0,(g) + 4H’ (ад) + 4e Eoo» = - 1.23 V 
Cu(s) ——> Cu” (aq) + 2e Кыш? = - 0.34 V 


On comparing electrode discharge potential, it can be said that when CuSO, is electrolysed using 
Cu electrodes. Cu is dissolved at Cu anode and Cu is deposited at Cu cathode 


e Aqueous H,SO, solution 

Possible reactions at : 

Cathode 2H,0(I) + 2e- —9 H,(g) + 20H(ag) ^ E, = - 0.83 V 

250, (ag) — S,0 (aq) + 2e Eois? = - 2.01 V 

Anode 2H,0(l) ——> 0,(9) + 4H'(aq) + 4e Е ноо, 7 - 1.23 V 
On electrolysis, H, gas is evolved at cathode and O, gas is evolved at anode. It has been observed 
i high current density or for highly concentrated H,SO, solution, $0, ions get oxidised to 

B. 


e Aqueous NaCl solution 


sQ, О» 
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Possible reactions at: 


Cathode : Na‘(aq)+e —— Na(s) E mn = -2.'1\/ 
2Н,0(1) + 0,(0) + 2e — H,(g) + 20H(ag) Еһ, = -0.83 V 


Anode: 2CIl (aq) ——> Cl,(g) + 2e Е очо, = 71.36 V 
2H,0(l) ——> 0,(g) + 4H’ + 4e E ноо, = -1.23 V 
During electrolysis using Pt electrodes H,(g) at cathode and O,(g) at anode are evolved. But when 


Hg electrodes are used instead of Pt, Na' (aq) gets deposited which further reacts with Hg to form 
sodium - amalgam. 


Quantitative analysis of Electrolysis - Faraday's Laws 
Faraday's first law of electrolysis 


Mass of substance deposited or liberated at any electrode is directly proportional to the quantity of 
electricity passed through the electrolyte. 


т= 711 
atomic mass 


z = electrochemical equivalent = E 


F = Faraday constant = 96500 С moL” 
/ = Current in Ampere 
t= time in seconds 
Electrochemical equivalent 
if 1=1А, 7-15 
Т = 2 


It is the mass of substance deposited when a current of 1A is passed for 1 second. 


Faraday's second law of electrolysis 


When the same quantity of electricity is passed through solutions of different electrolytes 
connected is series, masses of substances produced at electrodes is directly proportional to their 
equivalent masses. 
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т, _ E, 
m, E, 


Solved Examples: 


Q1. During electrolysis of aq. CuSO,, a current of 2 A is passed for exactly 2 hours. Write the 
reactions involved at cathode and anode. What is the amount of the product being formed at 
the respective electrodes at 25"C and 1 atm pressure? 


oolution 


since, the nature of electrodes is not given, we assume it to be inert and reactions at cathode 
and anode are 
Cathode Cu”+ 2e —— Cu(s) 


Anode 29,0 —— 0,+ 49+ 4e 


— Си gets deposited at cathode and О, gas is evolved at anode. 
| | It 
No. of faraday passed during reaction = 96500 ^ 0.14 F 
Amount of copper deposited 


Си” 42e — Cu(s) 


= 2F =1moleofCu 
0.14 F= %x 0.14 moles of Cu 
= 0.07 х 63.5 g of Cu 
- 4.45 g of Cu has been deposited at cathode 
Amount of O, gas evolved 
2H,0 — O, + 4H' + 4e 
4F =1 mole of O, 


0.14 = %x 0.14 = 0.035 mole of O, 
using gas equation ; PV 2 nRT 


V zi = 0.85 L of O,evolved at anode 
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Q2. | L buffer solution (0.3 М NaH,PO, and 0.3 M Na,HPO,) was taken in each of the two 
compartments of an electrolytic cell, with Pt electrodes. The only reaction that can occur is 
electrolysis of H,O. The current of 0.965 A is passed for exactly 2 hrs. What is the pH at cathode 
and anode? (pKa for NaH,PO, = 7.2) 


Solution 


Here, in buffer solution NaH,PO, acts as acid and Na,HPO,as salt 
Number of Faradays passed during electrolysis 
It — 0.965 x 2 x 3600 


96500 ~ 96500 
Reaction at cathode 


= 0.072 F 


2H 42e —> Н, 
= 1 F electricity = 1 mol H' consumed 
0.072 F = 0.072 mol H' consumed 


= 0.072 mol OH left in excess 


After 2 hrs, [OH ] = mE - 0.072 M. 

These OH will react with Н,РО, and the net amount of salt and acid present can be determined 
Н„РО, + OH. — HPO,” + Н,0 

0.3 0.072 0.3 


0.228 0.372 
[salt] 
PH = рК, + 00. TAcid] 


-7.2+Log,, Tm 27240222742 


similarly pH at anode can be determined. 


Electrochemistry II : Electrolytic Conductance 


e Conductance. It is the reciprocal of resistance, i.e. G = ` Its units are ohm“ or Q” or mho or 
Siemen(S). 


e Specific resistance or Resistivity. |f '/ is the length of a conductor and ‘A’ is its area of cross 


section, R=- or R= P where p is called specific resistance or resistivity. 
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e The units of resistivity are Q cm or Q m. 
(1 Q m= 100 Q cm or Q cm = 0.01 Q m). 


e Specific conductivity (or simply called conductivity). It is the reciprocal of specific resistance, 


| = |. кен al ed d - сух 
LC. к= д Hence, from А =р 2, = "cA 0x4. 


If /= 1 cm and а= 1 ст“, к = G. Hence, conductivity is the conductance of 1 cm’ of the 
conductor. Units of x= ohm” cm" or SI units are Q'm" or S m" (18 cm =100 Sm’). 


e Molar conductivity (A,,) - of a solution is the conductance of all the ions produced from one 
mole of the electrolyte dissolved in a given volume of the solution when the electrodes are one 
cm apart and the area of the electrodes is so large that the whole of the solution is contained 
between them. 


_ кх 1000 
Molarity 
SI unit = S m mol" 


m 


e Equivalent Conductivity (A,,) - Of a solution is defined as the conductance of all the ions 
produced from one gram equivalent of the electrolyte dissolved in a given volume of the 
solution when the distance between the electrodes is one cm and the area of the electrodes is 
so large that whole of the solution is contained between them. 

A =x 1000 


q А 
Normality 
Unit = S m^ еду 


Variation of Conductance, Conductivity, Equivalent and Molar conductivities with Dilution 


e Effect of dilution. Conductance increases (because total no. of ions increase), specific 
conductivity decreases (because no. of ions/cc decrease), equivalent and molar conductivity 
increase with dilution (because it is product of x and V and V increases much more than 
decrease in the value of к). 


e Variation of molar conductivity with concentration. For a strong electrolyte, it is given by 
Debye - Huckel - Onsager equation. viz. A, = A,“ - AVc where A is a constant depending upon 
the nature of the solvent and temperature, A,, is the molar conductivity at infinite dilution 
(called limiting molar conductivity). Thus, a plot of ^, vs.vc will be linear with slope = -A. 
However, some deviation is observed at higher concentration as shown in the fig. (1) below. 
Further, for a weak electrolyte, A,, is much less and the increase with dilution is slow in the 
beginning and then very steep at large dilutions. 
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e Reasons for increase of ^, with dilution. Molar conductivity of a strong electrolyte increases 
with dilution because interionic attractions decrease with dilution. Small deviations at higher 
concentration are due to large interionic attractions. Molar conductivity of a weak electrolyte 
increases with dilution because dissociation increases with dilution. 


Strong Electrolyte (KCI) 





Weak Electrolyte (CH,COOH) 





үс 


Fig : Variation of A,, with Nc for strong and weak electrolyte 


e Inability to determine Л", experimentally for a weak electrolyte. Molar conductivity at infinite 
dilution (A,, or ^,^) for a strong electrolyte can be found by extrapolation to zero concentration 
but that of weak electrolyte cannot be thus found. 


Moreover, at infinite dilution though the dissociation is complete, concentration of ions per 
unit volume is so low that conductivity cannot be measured accurately. 


e  Kohlrausch's Law. 


It states that “Equivalent conductivity of any electrolyte at infinite dilution is the sum of the 
equivalent conductivities of its cations and anions at infinite dilution". 


ie., Neg = Ag tA 


or ‘molar conductivity of an electrolyte at infinite dilution is the sum of the ionic conductivities 
of the cations and the anions at infinite dilution each multiplied by the number of ions present 
per formula unit 


Л VS. TV 
Applications of Kohlrausch's Law 


a). Іп calculation of A," or A,, for weak electrolytes, e.g., Л” cocoon = Асо + AH = 
0 0 0 
^ CH,COONa + A ua 7 À maci 


b) In calculation of degree of dissociation, i.e., o. = An Am 
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C). In calculation of dissociation constant by using value of œ calculated above K, = = 
d). In calculation of solubility of sparingly soluble salts using the relation, 


solubility = 1000x / A... 
Solved Examples 


Q.3. An aqueous solution of ‘A’ is slowly added to an aqueous solution of 'B'. The variation in 
conductivity of these reactions is given below 


Match the list | & Il, 


List | List II 

(i) ^ CH,COOH + KOH (a) Conductivity increases initially and then 
A В doesn't change much 

(ii) ^ NaOH + HI (b) Conductivity does not change much & 
A В then increases 

(iii) KI (0.2M) + AgNO, (0.02M) (c) Conductivity decreases initially and then 
A B doesn't change much 

(iv) (C,H,),N + CH,COOH (d) Conductivity decreases initially and 
A В then increases 

Solution 
i-c; ii-d; ii-b; iv-a 


0.4. When 4 A of current is passed through 0.1 M Fe*(aq) solution (V=1L) for 1 hr. it is partly 
reduced to Fe(s) and partly to Fe"(aq). How much of Fe” (aq) is present in solution. 


Solution 


= _ 4x1x3600 _ 
Quantity of electricity passed =- бй. = 0.15 F 


Initial moles of Fe" = 0.1 x 1 2 0.1 mol 
First, Fe” will get reduced to Fe” 

Fe" + е — Fe” 

1 F=1 mol Fe” reduced 


0.15 F =0.15 mol Fe* reduced 
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In the second step 
Fe” + 26е — Fe 
= 2F=1 mol Fe” reduced 
Initial moles of Ее” present = 0.1 
=» 0.1F electricity used in first step 
and 0.05 F available for reduction of Ғе“ to Fe 


0.05 
гл 
Fe” left = 0.1 - 0.025 = 0.075 mol. 


0.5. What mass of peroxysulphuric acid is formed from electrolytic oxidation of sulphuric acid if 
the volumes of H, and O, gases collected from electrodes at NTP (0°C, 1 atm) are 6.72 L and 
2.24 L, respectively. Also, write the reactions occurring at two electrodes. 


moles Fe” reduced = 0.025 mol Fe deposited 


Solution 
Possible reactions at 
Anode : 2Н,50, —— Н,5,0, + 2H' + 2e 
2H,0 ——> 4H’ + 0, + 2e 
Cathode : 2H,0 + 2e ——> 20H +H, 
= Total equivalents of Н,5,0, + Total equivalents of O, = Total equivalents of H, 
For H,, molar mass = 2 g/mol, equivalent mass = 1g/mol 
2 g H,=22.4 L at NTP 
1gH,211.2L at NTP 
V, of H, = 11.2 L at NTP 


6.72 L H, = ME - 0.6 equivalents 


For O,, molar mass = 32 g/mol 
32 g = 22.4 L at NTP 


8g= 222 - 5.6 LatNTP 
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V, of 0,2 5.6 L 

2.24L0, = 22 = 0.4 equivalents 
equivalents of Б = 0.6 - 0.4 = 0.2 
Mass of H,S,0, = 0.2 x 194 — = 19.40 


0.6. The resistance of a неч cell filled with a solution of an electrolyte of concentration 
0.1 M is 100 Q. The conductivity of this solution is 1.25 S т. Resistance of the same cell 
when filled with 0.2 M of the same solution is 500 О. What is the molar conductivity of 0.02 
M solution of the electrolyte. 


Solution 


Cell constant, ~ is independent of concentration of the electrolyte 


^ud 


= 1.25 x 100 = 125 m" 
Molar conductivity of 0.02 M solution (0.02 x 10° mol m?) 


Aus x — x125 
0.02 x 10 500 


= 125 x 10* Ѕт mol” 
Electrochemistry IlI : Electrochemical Cells 


Difference between electrolytic and galvanic cell 


Electrolytic Cell Galvanic Cell / Electrochemical Cell 

e Electrical energy is converted into Chemical energy is converted into electrical 
chemical energy energy 

e Anode =+ve Anode = -ve 

e Cathode = -ve Cathode = +ve 

• AG=+ve AG = -ve 

e Мо salt bridge is used Salt bridge may be used 
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Note: The role of salt bridge is to complete the internal circuit and maintain electroneutrality. Even 
in the absence of salt bridge, the chemical reactions at respective electrodes continue to 
occur, provided the internal circuit is complete. 


Type of Electrodes: 


Whether a given electrode acts as anode or cathode depends upon the other electrode with 
which it is coupled within an electrochemical cell. 


In electrochemical series, different half cells have been arranged in the order of increasing 
standard reduction potential with respect to standard hydrogen electrode. 


The measure of ability of an electrode to undergo oxidation is referred to as it oxidation 
potential. 


The measure of ability of an electrode to undergo reduction is referred to as its reduction 
potential. 


A cell can be constructed by coupling two electrodes. 
(e) Metal - Metal ion electrode M" / M : metal in contact with solution of its ions 
М" а + ne — M(s) 


Highly reactive metal are taken in the form of amalgam and electrode is referred to as metal 
(amalgam) - metal ion electrode M" | M(Hg) 
(e) Gas -ion electrode : H'1 H,, Pt 


(e) Redox electrode : insert metal in contact with the solution of ions of an element in two 
different oxidation states. 


Pt | Fe”, Fe” 


The only organic electrode known as an example of redox electrode is (Quinhydrone) 
electrode : an equimolar mixture of quinone and hydroquinone 


Pt | H,Q, Q, Н 
(e) Metal - Insoluble salt - ion electrode : metal coated with insoluble salt and in contact with 
solution of its anion. Three most important examples of this category are: 


(i) ^ Calomel electrode Hg | Hg,Cl, | Cl 
Paste of Hg & Hg,Cl, is known as calomel 


(ii) Silver - Silver chloride electrode Ag | AgCI | СГ 


(iii) | mercury - mercurous sulphate electrode Hg | Hg,SO, | So,” 
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Effect of Electrolytic Concentration on Electrode Potential and EMF of a cell : Nernst equation for 
Electrode Potential: 


(i Write electrode reaction as reduction reaction 
M" + пе — M 


(ii) Apply Nernst equation, 
= RT 


Е = E ыо 7 ПЕ . 109 T. m ‘| 
At 298 K, 
Eo = E ats I 








n M -] 
Nernst equation for EMF of a cell 


(i Write cell reaction 
e.g., аА + 0В — ХХ + yY 
(ii) Apply Nernst equation, 
ХГ [ҮГ 
Е р _ [X] [Y] 














cell — cell ` lo 00 [А] [B]' 
At 298 К, 

0. = [XT [YT 

EE log [AT [Вр 


Molar concentration of pure solids, pure liquids and gases at one bar pressure are taken as 1 
(e) Relationship between standard ЕМЕ (А) and Equilibrium constant (К) 

For the cell reaction at equilibrium, e.g., 

Zn (s) + Cu” (aq) —— Zn” (aq) + Cu(s) 

E= 0. Hence, 

0- E ар log K 


cell 

i E ce AT log K, 

- шн log K, at 298 K 
n 


where K, is equilibrium constant. 


(89) 
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(e) Оп calculation, if log Kzx, then K= 10° 
(e) In terms of natural logarithm, at 298 К, 
E, --0029/. |n K (.-.In K, = 2.303 log К) 


n 
On calculation if In K,= x, then K, = е. 


(e) Relation between Gibbs energy change (AG’) and EMF (E’,,,) 
- AG = ПЕЕ, ог AG = (-)nFE 


cell cell 


Relation between the cell reaction and the Gibb's energy change : AG = -nFE’ 


Е? „ is an intensive property and thus its value does not depend upon the size of the cell and 
the extent to which the cell reaction is carried out. If the overall reaction 


Ее? + е < Fe” 
iS written as 
2 Fe + 2e —— 2 Fe” 


Then E remains the same but AG’ changes as there is a change in the number of electrons 
involved in the two reactions. 


Putting Е, HL In K 
AG --RT in K= -2.303 RT log К. 


Further, decrease in Gibb's energy = Maximum electrical work done. Hence, maximum 
electrical work done = -nFE 


cell 

Concentration cell. |f two half cells are of the same type differing only in the concentration of 
ions, it is called electrolyte concentration cell, 

e.g., Zn | Zn” (c,) Il Zn (c,) | Zn, 


C; 
For such a cell, E, = 2.099 log — where c,» с. 





Commercial cell / batteries. [hese are of three types 
(i) Primary cells which cannot be recharged. 
(il) | Secondary cells which can be recharged 
(iii) Fuel cells in which redox reaction is combustion of a fuel (e.g. H,, CH,) 


UDOON 


A program to give wings to girl students ELECTROCH EM ISTRY 


Primary cells 

Dry cell : 

Anode - zinc cylinder, 

Cathode = Graphite rod surrounded by MnO, + С  NH,CI + ZnCl, acting as electrolyte. 
Anode reaction : Zn —> Zn" «2 e, 

Cathode reaction : 2 MnO, + 2 МН, + 2e — Mn,0, + 2NH,+H,0. E= 1.25 - 1.50 V. 
They do not have long life because NH,CI corrodes zinc container 

Mercury Cell: 

Anode = Zn container, Cathode = Carbon rod. 

Electrolyte = Paste of НОО + KOH. 

Cell reaction : Zn + НОО — ZnO + Hg. E,,,= 1.35 V. 

These are used in hearing aids and watches. 

Secondary Cells 

Lead stroage battery : 

Anode - Lead, Cathode - grid of Pb packed with PbO, 

Electrolyte = Н,50, (38%). E,,- 2 V 

During discharge, Anode reaction : Pb + $0, ——» PbSO, + 2e (ох) 

Cathode reaction : PbO, + $0, + 4H' + 2e ——> PbSO,+ 2Н,0 (red) 

During recharging, Cathode reaction : PbSO,+ 2e —— Pb + SO,” (red) 

Anode reaction : PbSO,+ 2Н,0 ——> PbO, + SO,” + 4H'« 2e (ox) 


Note : Nature of an electrode of a secondary cell is opposite during discharge and recharge. 
The negative electrode which acts as anode during discharge but becomes cathode during 
recharge. Similarly, the positive electrode acts as cathode during discharge but becomes 
anode during recharge. 


Ni-Cd storage cell : 

Anode = Cd, Cathode = NiO,, 

Electrolyte = KOH sol. Е. = 1.4 V. 

Anode reaction : Cd + 2 ОН —— Cd (ОН), + 2e 
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Cathode reaction : NiO, + 2 H,O + 2 e —— Ni(OH), + 2 OH 
Fuel Cells, 

e.g., H, - O, fuel cell, 

Electrolyte = conc. KOH sol. E = 1.23 V (theoretical) 


Anode reaction: 2 H,+ 40H —>4H,0+4e, 


Cathode reaction : О, + 2 Н,0 + 4 € —— 4 OH, 


Efficiency of fuel cell = A6 x 100 = "Ex 199 = :2 X 96900 x 1.231 J у 100 = 83% 
AH AH -285800 J 


Corrosion 


Corrosion is the process of oxidation which results in change of metal surface into salts like 
oxides, sulphides, carbonates etc. due to attack of atmospheric gases. 


Rust. Chemically, it is hydrated ferric oxide, Fe,O4e x H,O 


Theory of rusting: Rusting of iron can be explained on the basis of Electrochemical theory as 
follows :- 


H,O + CO,  —— Н, 


(layer on the surface) (from air) 


HCO, <= 2H «Co? 


At Anode: 


2Fe — 2Fe^" «2e 


At Cathode: H' + e — H 


4H + 0, —— 2H,0 


(Dissolved) 
or 4H + 0,+ de —— 2H,0 
Further, ferrous ions formed at the anode react with the dissolved O, to from Fe,0.. 
4Fe* + О, + 4H0 —— Ее,0, + 8H' 


(Dissolved) 
Fe,0, + xH,O —— Ее,0,. x H,O 
Factors which enhance corrosion 


(i) X Presence of impurities in the metal (pure metals do not corrode) 


UD 
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(il) Presence of moisture (e.g., in rainy season) 

(11) Presence of electrolytes (e.g., saline water) 

Prevention of corrosion. Corrosion can be prevented by the following methods: 
(i) X Barrier protection by oil/grease layer, paints or electroplating. 


(il) Sacrificial protection by coating the metal with more electropositive metal e.g., Zn 
(called galvanisation) 


(iii) Electrical protection by connecting the iron pipe to a more electropositive metal (like 


Mg) with a wire. 

Q6. The following electrochemical cell has been set up 
Pt (1) | Fe", Fe"(a21) Il Ce", Ce"(a-1) | Pt (2) 
Predict the direction of flow of current 
(given : Ee, us = 1.61 V; EL» „+ = 0.77 V) 

Solution 


The electrode reactions : 

Anode : Fe" —o Fe” +e 

Cathode : Ce" +e—> Се“ 

Cell reaction: Fe” + Ce" —— Ее” + Ce” 

Cell potential is 

E a = E uus" E anode 

-1.61 - 0.77 = 0.84 V 

Since E iS positive, the cell reaction is spontaneous. 
The current will flow from Pt(2) to Pt (1) 


Flow of e from Anode to Cathode; by convention, direction of current flow from Cathode to 
Anode. 


With the passage of time, EMF of cell decrease and so does the current flow. 


cell = cathode 
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Q.7 


Which of the following reactions are possible: 

a) Reduction of Fe” to Fe“ by Fe 

b) Reduction of Fe" to Fe" by Mn” 
given Ен» rtp = 0.771 V, E” + = -0.440 V 
Eo Paris = 1.51 V 


Solution 


Q8. 


(a) The reactions would be: 

Reduction : Fe" e < Fe” 

Oxidation : Fe—— Fe“ + 2e 

This cell can be represented as: 

Fe | Fe" Il Fe” , Fe! Pt 

Eee йк ЕЁ m 

= 0.771 - (-0.440) = 1.211 V 

Since E’ is positive, the reduction of Fe" to Fe“ by Fe is possible 
(b) Reduction : 5Fe”+ 5e < 5Ее“ 

Oxidation : Мп + 49,0 — MnO, + 8H'« 5e 

The cell can be represented as: 

Pt | Mn*, MnO,, H' II Ее“, Fe” I Pt 

EE opm Estate 

= 0.7/1 - 1.512 -0.739 V 


E^, is negative, the reduction of Fe" to Fe” by Mn*'is not possible. 


Compute E’ for the reaction 


Fe" +e = Fe” 


Given that 
Fe"4 Зе < Fe E°- = -0.036 V 
Fe^4 2e —— Fe E*.2.,., = -0.440 V 
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Solution 


The half cell reaction can be obtained by subtracting the two given half cell reactions and AG’ 
for this reaction can be obtained by subtracting the AG of the two given reaction. 
(i) _ Ее”+Зе —— Fe; AG’, = -3F Es... = (0.108V) F 

(ii) _ Ее”+2е —— Fe; AG’, = -2F E, = (0.880 V) F 

Subtracting (ii) from (1), we get 

Fe" +e < Fe” 

AG = ла, - AG,’ 

AG = (0.108 VF - 0.880 VF) = -0.772 VF 

AG = -nFE* 

hence, n=1 

SAG а= Ete ЕП V 

here, ЕК ыен = 0.772V 


0.9 A silver electrode is immersed in saturated Ag,SO,(aq). The potential difference between 
silver and standard hydrogen electrode is found to be 0.711V. Determine K,, (Ag,SO,). 
(Given Ё", = 0.799 V) 

Solution 


The cell may be represented as: 

Pt (H, 1 bar) | H' (1M) Il Agt | Ag(s) 
Е „= 0.799 - 0 = 0.799 V 

given that E = 0./11 V 

Applying Nernst equation 


к=з = б 0 


n 
for the above cell, possible reaction is 


H,«2Ag! —> 2Ag + 2H' 











Q- WAHT. 1 LL. (o 
[Н,] [Ag] [АО] (2) 
and п = 2 


Substituting in equation (1) 


_ _ 0.0591 1 
0.711 = 0.799 2 Log,, TAg T 
[Ag'] = 0.03243 mol L” 
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For, 
Ag,S0, <= 2Ag' + So,” 
K, = [Ag [50,7] 
= (0.03243)? (0.0162) 
К, = 1.705 x 10° mol L^ 


. During the discharge of a lead storage battery, density of H,SO, fell from 1.29 to 1.14 g/mL. 
The initial solution of sulphuric acid is 39% H,SO, by weight and later it becomes 20% Н,50, 
by weight. The battery holds 3 L of the acid and volume remains practically constant during 
discharge. Calculate ampere-hour for which battery must have been used. 


© 


Q.1 


Solution 
The reaction involved during the charging and discharging of lead storage battery are 
Charging : Pb + $0, — PbSO, + 2e 
Discharging : PbO, + 4H' + SO,° + 2e — PbSO, + 2H,0 
weight of solution before discharge = 3000 x 1.29 
= 38700 
weight of H,SO, before dischrage = —- x 3870 = 1509.3 g 
similarly, 
weight of H,SO, after discharge = 684.0 g 
Loss in mass of Н,50, during discharge = 1509.3 - 684.0 = 825.3 g 
From Faraday's first law of electrolysis 


W-zlt-zQ 


2 EQ 
~ 96500 


_ 96500 x w 
О = == 
W = Loss іп mass of H,SO, = 825.3 g 
Е = Equivalent mass of Н,50, = 49 
„. Q = 812667.85 Coulomb 


Coulomb _ 


Ampere - Hour = a600 = 


225./4 ampere - hour. 
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PRACTICE QUESTIONS 


Given that the dissociation contant of acetic is 1.8 x 10° and its molar conductivity at infinite 
dilution is 390.7 €'cm^mol". The molar conductivity of 0.01 M acetic acid solution will be 


a) = 1.657Q"cm* b) 16.579 ст“ 
c)  165.7Q"cm* d) 33.040 "cm? 


The equivalent conductances at infinite dilution (^) for electrolytes BA and CA are 140 and 
120 S стед’. The equivalent conductance at infinite dilution for ВХ is 198 S стед’. The 
A(in S стед) of CX is 


a) 178 b) 198 
c) 218 d) 130 


The conductivity of 0.01 mol/dm’ aqueous acetic acid at 300 K is 19.5 x 10° ohm" cm" and 
the limiting molar conductivity of acetic acid at the same temperature is 390 ohm”cm mol”. 
The degree of dissociation of acetic acid is. 


a 05 b) 0.05 

c) 5x10 d) 5x10" 

Given Л: е = 63 O"cm'mol'and A 44," = 800 ст mol 
The value of ^' asop, Would be 

a)  143Q'cm'mol' b) 206 £2 'cm"mol 

c) 286О ст mol d) 858 €2'cm^ mol" 

2Hg > Hg «2e, E’ = - 0.799 V 

Hg — Hg“ «2e, E = - 0.855 V 

Equilibrium constant for the reaction 

Hg + Hg” — Hg,” at 27°С is 

a) 89 b) 82.3 

c) 79 d) none of these 

The standard electrode potential (E°) for ОСГ | Cl and Cl | % CI, respectively are 0.94 V and 
1.36 V. The E°value for OCI | % Cl, will be 


10. 


11. 


2© OP 
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a) -042V D) -2.20 V 
c) 0.52\/ d) 1.04 V 

/. | Standard electrode potentials of the half reaction are given below: 


F,(g9) + 2e —— 2Е (aq); E= + 2.85 V 

С1(0) + 2€ —— 2CI (aq); E'- + 1.36 V 

Вг,(1) + 2e —— 2Br (aq); Е°= + 1.06 V 

ls) + 2e —— 2l (aq); E» + 0.53 V 

The strongest oxidising and reducing agents respectively are : 
a)  CLand Br D) Cl, and Г 

c)  Randl d) Br,and СГ 


The standard electrode potentials for Zn“ | Zn, № | Ni, and Ее“ | Fe are 0.76, -0.23 and 
- 0.44 V respectively. The reaction X + Y* ——> Х + Y will be spontaneous when: 


a)  X-ZnY-Ni b) X - Ni, Y - Fe 
c) X-NiY-Zn d) X = Fe, Y - Zn 


E’ „ for the reaction, Fe + Zn** —— Ее” + Zn is -0.32 V. The equilibrium concentration of Fe” 
when a piece of iron is placed in 1 M Zn” solution is 


a | 14X10"M b) 1.5 X 10" M 

c) 35X10"M d) 3.5 X 10" M 

The cell, Zn | 2п (1 M) II Си“ (1 М)! Cu, (Е. = 1.10 V) was allowed to completely 
discharged at 298 K. The relative concentration of Zn” to Си“, [Еч İS 

a)  9.65X 10° b) antilog 24.08 

б 959 d) 1077 

F,, E, and E, are the emf values of the following three galvanic cells respectively 
i) Zn | Zn” (1M) Il Cu” (0.1 M) I Cu 

i) Zn | Zn“ (1M) Il Cu” (1 M) I Cu 

ii) Zn | Zn” (0.1M) II Cu” (1 M) I Cu 


Which one of the following is true? 
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a); Je bee D) E CUBO 
(0б Е >E >E d) EB ou 

12. The emf of the cell 


13. 


14. 


15. 


16. 


Zn | Zn* (0.1 M) II Ее“ (0.01 M) | Fe at 298 K is 0.2905 volt. The value of equilibrium 
constant for the cell reaction is 


a) еб b) 10 0025 
с) 10009 d) 10 0059 
Give E^,.,,, = - 0.764 V and Е = - 0.403 V, the emf of the cell 
Zn | Zn” (а= 0.04) Il Cd” (а= 0.2) | Cd 
will be given by 
a) Е= -0.36 + (0.059/2) Log (0.004/2) 
) _ Е= +0.36 + (0.059/2) Log (0.004/2) 
c) _ Е= -0.36 + (0.059/2) Log (0.2/0.004) 
) _ Е= +0.36 + (0.059/2) Log (0.2/0.004) 


A solution contains Fe”, Fe* and [ ions. This solution was treated with iodine at 35°C. E for 





Ее” | Fe* is + 0.77 V and for I, | 2l is 0.536 V. The favourable redox reaction is 
a) |, will be reduced to I D) There will be no redox reaction 
c) [will be reduced to I, d) Fe” will be oxidized to Fe" 


Given i) Си“ «2e —— Си, E = 0.337 V 
ii) Cu^ «e —— Cu’, Е = 0.153 

Electrode potential, E" for the reaction, 

Cu” + e —— Cu, will be 

a) 0.901 b) 0.30 V 

c) 0.381 d) 0.52 V 

On the basis of the following E values, the strongest oxidizing agent is 

[Fe (CNJ ——> [Fe (CN,]° +e; E = - 0.35 V 

Fe" —— Fe*+ e: E = - 0.77 V 

а) [Ее (СМ, р) Fe” 

c) Fe" d) [Fe (CN.]* 


17. 


18. 


19. 


20. 
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If Zn” | Zn electrode is diluted 100 times, then the change in emf is 
a) increase of 59 mV 0) decrease of 59 mV 
c) increase of 29.5 mV d) decrease of 29.5 mV 


CO, + F — l+ Cr”, E^ ss so = 1.33 V 
E" cell = 0.79 V, Calculate Е", |. 


a 0.54V b) - 0.54 V 
c) «048V d) - 0.18 V 


The standard reduction potential values of the three metallic cation X, Y and Z are 0.52, -3.03 
and -1.18 V respectively. The order of reducing power of the corresponding metals is 


a) Y>Z>X b) ASX SZ 
c) Z>Y>X d) Z»X»Y 


The potential of the cell containing two hydrogen electrodes, as represented below, Pt, H,(g) | 
Н” (10*M) || H* (10* M) | H, (g), Pt at 298 K is 























a) -0.118V b) - 0.0591 V 
c) 0.118 V d) 0.0591 V 
ANSWERS 

1 р 8 а 15 0 
2 а 9 а 16 С 
3 D 10 d 17 D 
4 d 11 b 18 а 
5 C 12 D 19 a 
6 C 13 d 20 С 
Г С 14 С 
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ELECTRO CHEMISRY (ADVANCED) 
PRACTICE QUESTIONS 


SUBJECTIVE QUESTIONS 


Given H,O, — 0,«2H'«2e  - E = -0.69 V 
H,0, + 2H + 2e — 2H,0 P=1.77V 
| — 1,+ 2e E = -0.535 V 
Predict whether H,O, behaves as oxidant or reductant for I, | I” 
Peroxodisulphate salts (e.g., Na,5,0,) are strong oxidising agents used as bleaching agents 


for fats, oils, and fabrics. Can oxygen gas oxidise sulphate ion to peroxodisulphate ion 
(9,0, ) in acidic solution with the O,(g) being reduced to water? 


Given : 0, (g) + 4H’ (aq) + 4e —— 2H,0(1) E = 1.23 V 
5,0, (aq) + 206 —— 250, (aq) Е = 2.01 V 
Calculate pH of LHE in the following cell: 
Pt(H,) | H'(x M) Il H'(1M) | (Hj) Pt if E = 0.2364 V 
| bar | bar 


At what [OH] does the following half-reaction has a potential of 0 V when other species are 
at1M? 


NO, +H,O «2e —— NO; « 2 OH, E = 0.01 У 


cell 


(a) What is the e.m.f. of the following concentration cell at 25°C ? 
Zn(s) | Zn™ (0.024 M) Il Zn (0.480 M) | Zn(s) 


(b) If water is added to the solution in LHE, so that the [Zn] is reduced to 0.012. M. Will 
the cell voltage increase, decrease, or remain the same? 


Given the following half-reactions and E values 

Мп“ (aq) +€ — Мп“ (ад) Е°= 1.54 V 

MnO,(s) + 4H' (aq) + e — Мп“ (aq) + 2H,0 E = 0.95 V 
Does Mn™ (aq) undergo disproportionation ? 


If 0.224 L of H, gas is formed at the cathode of one cell at №.Т.Р., how much of Mg is formed 
at the cathode of the other electrolytic cell if the other cell is arranged in series? 
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10. 


А certain amount of charge is passed through acidulated water. A total of 168 mL of 
hydrogen and oxygen were collected at STP. Find the magnitude of charge (in coulombs) 
passed during electrolysis. 


A current passed through 500 mL of an aqueous solution of Cal,. After sometime, it is 
observed that 50 millimoles of |, have been formed. 


(a) How many faradays or charge have passed through the solution? 
(b What volume of dry H, at NTP has been formed ? 
(c) What is the pH of the solution? 


Electrolysis of a solution of MnSO, in aqueous solution of sulphuric acid is a method for the 
preparation of MnO,. On passing a current of 25 A for 25 hours gives 1.0 Kg of MnO,. (Molar 
mass of MnO, - 87) 


(a) Find the current efficiency. 


(b) Also find volume of H, evolved at NTP during electrolysis. 


OBJECTIVE QUESTIONS 


The standard electrode potential volues of three metallic cations, X, Y, Z are 0.52, - 3.03 and 
-1.18V, respectively. The order of reducing power of the corresponding metals is 


(a) Y»Z»X (D X>Y>Z 
(c) Z>Y>X (d | Z»X»Y 


A gas Y at 1 bar is bubbled through a solution containing a mixture of 1M X and 1M Z at 
25°C. If the reduction potential of Z > Y > X, than 


(a  Ywilloxidise Xand notZ (b) Y will oxidise Z and not X 
(c) Y will oxidise both Xand Z (d) Y will reduce both X and Z 


For the electrochemical cell, M | M' IL X | X, Е" = 0.44 V and E’ ,,,- = 0.33 V. From this 
data one can deduct that 


(a) M«X— M'«X isthe spontaneous reaction 
(b) M +X —— M + Xis the spontaneous reaction 
(б) E.50/fV (d ^ E, =-0.77V 


cell 


UDOON 


A program to give wings to girl students ELECTROCH EM ISTRY 


4. 


10. 


The reaction % H,(g) + AgCl(s) — Н" (aq) + CF (ад) + Ag(s) occurs in the galvanic cell 


(a) Ag | AgCl(s) | KCl(aq) Il AgNO,(aq) | Ag 
(b) PtlH,(g) | HCl(aq) Il AgNO,(aq) | Ag 
(c) Pti H,(g) | HCl(aq) Il AgCl(s) | Ag 

(d) Pti H,(g) | KCl(aq) Il AgCl(s) | Ag 


The standard reduction potentials, E^, for the half reaction are 
Zn“ + 2e —> Zn E = -0.76 V and Fe“ + 2e —— Fe E! = -0.41 V 


The standard emf of the cell involving the reaction Ее” + Zn ——> Zn“ + Fe is 


(a -0.35V (D 41.17 V 

(с) +0.35V (d -1.17V 

The value of Ep oinaan erat 298 would be 

(a 0.2071 (b) -0.414 V 

(c) -0.207 V (d) 0.414 V 

The reduction potential H* | H, | Pt in 1 M NaOH solution at 25°С will be about 
(a 0.412V (0) 0.828 V 

(c) -0.414V (d) -0.828V 


The pressure of H, required to make the potential of the hydrogen electrode in water equal to 
zero 

(a) 10° bar (b) 10^ bar 

(c) 10° bar (d) 10^ bar 

On diluting the concentration of mecurous chloride ten times, the change in potential of 
mercuric to mercurous at 298 K is 

(a) increased by 0.059 V (b) decreased by 0.059 V 

(c) increased by 0.02915 V (d) decreased by 0.02915 V 

The cell potential of Ag | AgBr(s) | HBr(0.02M) | H,(0.5 atm) | Pt (Given Е, „вл, = 0.071 
V) is 

(a  0.26V (b) -0.26 V 

(c) 0.16V (d) -0.16 V 
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11. 


12. 


13. 


14. 


15. 


16. 


ГУ 


The standard reduction potentials of Си” | Cu апа Си“ | Cu’ are 0.337V and 0.153V, 
respectively. The standard electrode potential of Си" | Cu half cell is 


(a) 0.184V (b) 0.827 V 
(c) 0.521V (d) 0.490 V 


Given is the Latimer diagram in acidic medium (H' = 1 M): 


.996 V 1.59 V 
нмо, 9. wg 199" , no 


E” 
The value of E° would be 
(a) 2.5861 (b) 0.594 V 
(c) 1.293 V (d) -1.293 V 


In acid medium, the standard reduction potential of NO converted to N,O is 1.59V. Its 
standard potential in alkaline medium would be 


(a) -1.59 V (b) 0.764 V 
O  -0764V (d) 0.062 V 


For the cell, Zn | Zn* (1M) Il Sn* (1M) | Sn, E° = 0.6264 V. The value of K’,, for the reaction 
Sn + Zn“ —— Zn + Sn* will be given by the expression 


(a LogK’,, = 21.23 (D) Log K’,, = -21.23 
(c) Ink’, = 21.23 (d) ШК = - 21.23 


At 25°C, E’ for the reaction Cu” + Sn(s) ——> Cu(s) + Sn* is 0.48 V, the standard equilibrium 
constant for the reaction is 


(a) 13x10 (b) 6.8x10' 
© 49x10” (d) 1.8x 10% 


The ionic product of water at 298 К is 10° M’. The standard emf of the cell producing the 
reaction H'(aq) + OH (aq) —> H,O (1) will be 


(a 0.723 V (b) -0.723 V 
© 082V (d) -0.82 V 


For the reaction MnO, + 8H' + 5Fe" —> Mn” + 4H,0 + 5 Ре“, it is given that Eo н mtir = 


) 
) 
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1.51 V and Esci = 0.77 V. 


i) | The contribution made to the standard emf of the cell by the oxidation half cell is 


а) 0.77V (b) -0.77 V 
c) 1.51V (d) -1.51V 
li) The contribution made to the standard emf of the cell by the reduction half cell is 
a) 0.77V (b) -0.77 V 
ү тү (d) -1.51V 


lii) Increasing pH of the solution causes 


a) increase in cell potential 

b) decrease in cell potential 

c) nochange in cell potential 

d) change in cell potential which cannot be predicted 


18. For the reaction MnO, + 8H' + 5Fe^ — Mn” + 4H,0 +5 Fe", it is given that Eo - «i, = 
1.51 V and Es. „г = 0.77 V 


(i) the cell emf could be increased above the standard emf by 
a) increasing [Мп] (b) increasing [Fe"] 


decreasing [MnO,] (d) decreasing pH of the solution 


М. М =—— 
: O 
— 


ii) | Reduction of [Fe"] to 0.50 M keeping all other concentrations at unity, the emf of the 
cell will be changed by 


(a) -0.059 V (b) -0.0178 V 
(c) 0.059 V (d) 0.0178 V 


(iii) Reduction of [MnO,] to 0.50 M keeping all other concentrations at unity, the emf of the 
cell will be changed by 


(a) -0.018 V (b) 0.0036 V 


(c) 0.018 V (d) -0.0036 V 
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19. Given is the following data. 


Cu” E 152V | Cur 


> Cu’ 








0.34 V 


(i) | What is the change in Gibbs energy when Cu“ is converted into Cu’ under standard 























condition? 
(a) -17370 J mol (b) -82990 J mol” 
(c) -15440 J mol (d) -67550 J mol” 
(ii) The value of E shown in the above 
(a) 0.18 V (0) 0.86 V 
(c) 0.36V (d) 0.16V 
(iii) Which of the following can show disproportionation reaction? 
(a) би” (b) Си 
(c) Cu (d) none of these 
ANSWER OF SUBJECTIVE QUESTIONS 
1. О, will act as the OA for I, 11 electrode 2. О, will not oxidise SO,” 
3. pH=4.0 4.[0H] = 1.476М 5. (а) E= 0.0384 V (b) E=0.047 V 
6. Yes 7. 0.24g 0. 0656 
9. (a)0.1F(b)1120mL (c) 13.3 10. (а) 98.66%, (b) 260.96 L 
ANSWERS 
1 а 8 b 15 d 
2 а 9 C 16 D 
2 b 10 D 17 i-b,ii-C, iii-b 
4 C 11 C 18 i-d,ii-d, iii-d 
5 E 12 C 19 i-C,ii-d, 111-0 
6 D 13 D 
7 d 14 D 
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UNIT 4 


Chemical Kinetics 


The feasibility of any chemical reaction can be predicted thermodynamically but this study cannot 
give answer to 


e how fast the reaction would be 
e what parameters can change the rate of reaction 
e | What mechanism does it follow to form products 


Thus, the branch of physical chemistry that deals with the study of rate of the reaction and the 
factors such as temperature; pressure, concentration, light that govern the rate and the mechanism 
by which the reaction proceeds is called Chemical Kinetics 


Based on the time taken by the reaction for its completion, various reactions are divided into three 
categories: 


The reactions can be classified as fast, slow or moderate reactions. 


e Fast reaction : These reactions are so fast that they occur as soon as the reactants are 
brought together. Generally, such reactions involve ionic species. 


eg: reaction between H,0* and OH to form water molecule 
H,0* + OH —o 2H,0 


e Slow reaction : These reactions may take months/years for their completion. 


room 


eg: 1) 29,00) + 0,(g) — —9 29,0 


2) Rusting of iron occurs very slowly 


3) Reaction between carbon and oxygen. 


room temp 
pp app 


Carbon and oxygen are thermodynamically less stable than CO, at 298K, yet coke doesn't catch fire 
spontaneously as this is a slow reaction 


e Moderate reaction : Between these two extremes there are many reactions which occur at 
measurable speed and are commonly studied under chemical kinetics. 


eg: 1) Decomposition of H,0, 
2H,0, —> 2H,0 + 0, 
2) Hydrolysis of ester 


CH,COOC,H, —— CH,COOH + C,H, OH 
Н? 
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Factors Influencing the Rates of Reaction 


e Nature of the Reactants: The nature of the reactants play an important role in influencing 
the rate of a reaction For eg: Both ferrous ions and oxalate ions can be oxidised by acidified 
KMnO,. It is observed that the redox reaction between Fe* and MO, is moderate whereas 
heating of oxalate solution to about 50-60°С is required to carry out its redox reaction with 
МО, ions 


e Concentration of the Reactants: As a reaction proceeds, the reactants are consumed. 
Greater the concentration, faster is the reaction. 


e Temperature of the system. Generally, rate of reaction almost becomes double for every 
10 rise in temperature. 


e Presence of catalyst. It increases the speed of reaction by lowering the activation energy 
barrier i.e., a new path is followed with lower activation energy. However, Presence of a 
catalyst cannot make a non-spontaneous reaction feasible. 


e Surface area of the reactants. Greater the surface area, faster is the reaction. That is why 
pulverised wood or powdered coal burns faster than log of wood or a lump of coal (reactions 
involving solid reactants) 


e Presence of light. It provides the necessary activation energy and the reaction starts 
(photochemical reactions). 


Effect of change of Pressure or volume of the Vessel on the Rate of Reaction 


Consider a reaction 
2А + B —— Product 
The rate law for above reaction is 


Rate = [АЈ2[В] 


If volume of the Vessel is doubled, concentrations are halved. Then, new rate is given as 


„(ПЕ 


If volume of vessel is reduced to 4^, concentrations become 4 times. Then, new rate is given as: 
Rate = k[AA|"[4B | 


If at constant temperature, pressure is doubled, volume is reduced to half. Hence, concentrations 
are doubled. Then, new rate is given as: 


Rate = k[2AT?[2B] 


(89 ] 
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Rate Law and order of a Reaction 


e Rate of a reaction: It is defined as the change in concentration of the reactant or product 
per unit time. 


For a general reaction 
А —— B 


The change in concentration with time is graphically represented as shows in Fig (1 and 2): 


T 
[A] N 





0 time > 0 time > 
Fig 1: Plot of change in concentration Fig 2: Plot of change in concentration 
of a reactant with time of product with time 


Rate of a reaction is defined in two ways 


e Average rate :- Change in concentration of a reactant or a product over time interval At, 
_ AIB] АА 
“S Al At 


e Instantaneous rate : It is calculated from r, in the limit At — 0 
and is represented as 


_ 91B] __alAl 
inst at m at 


Note: r „is equivalent to the slope of the tangent from the plot of concentration of А or ‘B’ at any 
time instant ‘t. Also, minus sign signifies decrease in concentration while plus sign signifies increase 
in concentration with time. 


For the reaction, N,(g) + 3H,(g) —> 2NH,(g) 


[90] 


UDIN 
CHEMICAL KINETICS Roroqamio ane wings toBiletüdents 


AN, ТАН] ТАМ] 
lag 4a an o 
At 3 At 2 At 








; -dN] 1d] _ 1d[NH,] 
s at 3 dt 2 at 


e Rate law : Rate law is the expression in which reaction rate is given in terms of molar 
concentration of reactants with each term raised to some power (which is determined 
experimentally) which may or may not be equal to their stoichiometric coefficient. 


For a reaction, P + Q —— 2R 

_ d[P] -diQ] 1[R] 
at at 2 at 

= r [P]* [0]? 


where о is called order of reaction w.r.t P and p is called order w.r.t. Q. The order of reaction (n) is 
equal to a + p. 


rate 


Difference between rate of reaction and rate constant: 


EE Rate of reaction Rate constant 


It is a speed with which reactants are It is a proportionality constant. 
converted into product; or products are 
formed. 


It is a function of initial concentration It is independent of the initial 
of reactants concentration of reactant(s). 


It is measured as the rate of decrease of It is equal to the rate of reaction 
concentration of reactants or rate of when concentration of each 
increase of concentration of products. reactant is unity. 

Each term divided by its stoichiometric 

cofficient. 


Its unit is mol/L/s Its unit depends upon the order 
of reaction. In general, unit of 
rate constant is (mol L7)'-"s7 
where n - order of reaction 
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Measurement of the Rate of reaction: 

In order to measure the rate of a reaction, the progress of reaction is followed by monitoring the 
concentration of one of the reactant or product at different intervals of time. 

There are various methods of following the same for eg. in gaseous reaction the rate of the reaction 
can be calculated either by collecting volumes of one of gas or by measuring change in pressure of 
a gas at different intervals of time. 

In liquid phase, the reactions can be investigated by monitoring different physical parameters for 
eg. change in refractive index, change in angle of plane polarised light, change in conductance at 
different intervals of time. For investigating moderate reactions (neither fast nor slow) the most 
commonly used technique is volumetric analysis. In this method a small amount of reaction mixture 
(2 mL or 5 mL) is withdrawn at differnt intervals of time and immediately cooled down to 0°C to 
arrest reaction. Then, the concentration of either a reactant/product is determined by carrying out a 
titration with a titrant of known concentration. 


Based on the dependence of the reaction on the concentration of reacting species, various 
reactions can be classified as: 


Reaction of Zero Order: When the rate of reaction is independent of the concentration of all the 
reactants. 


e Consider a general reaction, 
А —— Products 


If it is of zero order, then 


-Al _ No 

Rate = ——— = КАЈ = ; 

or d[A] = —k dt 5 
On Integration, we get 
[A] = -kt + | 
At t = 0, [A] = [A], 

time 
| = [A 

adim Fig 3: Variation of rate of reaction with 
z. [A] = kt + [A], time for zero order reaction 


or k =A - (A) 


Zero order reaction will proceed with a constant rate and the rate will drop to zero at the end 
of reaction. 
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Examples of Zero Order Reactions 


(i) Photochemical reactions: These reactions occur in the presence of light. Many such reactions 
are found to be of Zero order. For e.g., the combination between hydrogen and chlorine in the 
presence of light may be studied by enclosing these gases in a tube and inverting the tube in a 
trough of water. HCI formed during the reaction dissolves into the water and the level of water 
in the tube rises. Thus, though the quantities of H, and Cl, decrease, their amounts per unit 
volume remain the same i.e. the concentrations of H, and Cl, remain constant. 


(ii) Heterogeneous reactions: A reaction in which the reactants, product and catalyst are present 
in different phases. The decomposition of HI on the surface of gold follows zero order kinetics. 


e — Expression for Half change period 


Half-change period is the time taken for half of the reaction to complete, i.e., the time in which 
half of the reactant is consumed in a reaction. 


А 
When t= t [Al A 


dra ТАБ 
oy 


N 


A" 
1/2 2k 


Thus, t, о [A], 
When reaction is complete, [A] = 0, t - t 
kt = [A], 


|.8., 


100% 


[А], 


t 


100% Kk 
Comparision between 1,„ and t,, 


- dpa, -try | -3 
tu AS Al} = 94 


Ao} = 


1 
А 2{ 2k 
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t, 3[Ah. 2k 


t, 4k [A] 
Or bo = LES M 


Reactions of First Order: A reaction is said to be of first order if rate of the reaction depends upon 
one concentration term only. For the reaction A ——» Products 


Rate of reaction a[A] 
For the reaction, 2A ——» Products 

Rate of reaction a[A] 
For the reaction, А + B —> Products 

Rate of reaction a[A] ог [B] 
Consider the simplest case viz 


А —-> Products 


_ [А] 
Rate = а К[А]' 
а" 
ТА] 7 
Intergrating both sides 
d [A] 
-| —— =k |а 
| ГА] | we get 
In[A] 2 —kt + | 
when t = 0, [A] = [A], 
In [A], =! 


substituting the value of ‘T’, the equation becomes, 
In[A] = —kt + In[A], 
or kt = In[A] -In[A] 


kt = Ino 
[А] 
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k= l anto = 
t [А t [A] 


where [A], is the initial concentration and [A] is concentration of the reactant at any time +. 


If the initial concentration of reactant is ‘a’ and amount of reactant reacted is ‘x’ in time ‘t, then 


2.303, [Al 

k =——— log—2 

or | STAI 
_ 2308, a 
t a—x 


The exponential form of the expression for first order reaction is 
A=A,.e* 
Modified expression for first order rate equation 


e Reaction in gaseous phase 


A(g) —o Big) + С (g) 
Initial Р, 0 0 
After time t, P,—p p p 


Total pressure after time t, 
P. = (Р, = р) +р+р=Р,+р 
or p=P,-P, 
Pressure of A after time t, 
P, = (P - р) =[P,-(P, - P] =2P, - Р, 
Now, [A], a P, 
[A], = P, 
or [A], a. 2 P, — P, 


m 299 [og T 
Hence, = 2p -P 





e Соте Important Characteristics of First Order Reactions 
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e — Rate constant of a first order reaction can be also be calculated by measuring the concentration 
of the reactant at two different time when the initial concentration is not known. 
Let A, and A, be the reactant concentration at time t, and t, respectively, then we have 


2303002 = кі, 


23030972 = КЇ, 
subtracting equation (i) from (ii) we get: 
230300,2 =k(t, -t,) 


e Half change period of a first order reaction is independent of the intial concentration of the 








reactant 
2.303 a 
k= log,, 
Ly; a- a 
2 
2.303 
= — —log,, 2 
1/2 
k- 0.693 
Гүр 


Also, for first order reaction 


A 3) h n=+ f half ch 
a |= Where''^, = nO. OT пат cnange 
А, \2 Es 0 


Examples of the Reaction of First Order 


e Reactions taking place in the gaseous phase. e.g. decomposition of N,O.., thermal 
decomposition of Azoisopropane. 


e Reactions taking place in the solution. e.g. conversion of N-Chloroacetanilide into p- 
Chloroacetanilide in acidic medium. 


(96) 
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e [he Radioactive decay follows first order kinetics 


2.303, N, 


[ N 


2 





t 
where N, = initial number of nuclei (t = 0) 
N, = final number of nuclei (at t) 
À = decay constant 

Pseudo first order reaction 


These are those reactions with higher order but under certain conditions become reactions 
of the first order 


Consider a reaction 
А + B — Products 
Expected rate law 
Rate = k[A][B] Expected order 2 1+ 1 = 2 
When either of the reactant is taken in excess, say [A] >> [B] then observed rate law is 
Rate - K'[B] 
where K = k [A] 
The examples are :- 
1) Acid catalysed hydrolysis of ester 
CH,COOC,H, + H,O — CH,COOH + C,H.OH 
Rate = k [CH,COOC,H,] [HO] 


Here, water is taken in excess and therefore its concentration may be taken as constant. 
Hence, 


Rate = k' [CH,COOC,H, ] 
К = К[Н,0] 
The reaction is therefore pseudo first order. The rate constant for this reaction is given as: 


2303, М-и 


Kan 
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where V, = volume of NaOH used to neutralize the mineral acid present (H^), which is being 
used as a catalyst 


V, = volume of NaOH used to neutralize the acid catalyst and CH,COOH produced in the 


t 
reaction at time Т. 


V. = volume of NaOH used to neutralize the catalyst and the maximum amount of acetic 
acid that can be produced from the hydrolysis of initial concentration of ester. 


2. Inversion of cane sugar :- This is also an example of pseudo first order reaction, water being 
present in excess 
C, H,,O,, + Н,0 —> С.Н,,0, + С.Н,,О, 


12 22 6 12 
sucrose Glucose fructose 


(dextro) (dextro) (leavo) 


The rate is measured by measuring the change in the angle of rotation by polarimeter. The 
change produced in the angle of rotation in time t gives the measure of ‘x’ while the total 
change in the angle of rotation produced at the end of the reaction is the measure of the initial 
concentration of sucrose 


2308. r-r, 


k L0 
t Pr -r, 


Reactions of n order 


Half-change Period and Fractional Change Time 


e General Expression for t, 
For zero order reactions, t,, o [A], 
For 1st order reactions, t,,, o. [A]? 
For 2nd order reactions, t, o. [A];' and so on. 
In general, for reaction of n^ order, 


1 


Г Ol [А] ОГ E IAEA 


e Time for n^ fraction of reaction to complete. 


! a 
For n^ fraction to complete, put X E^ 


For reactions of first order, 


(98 ] 
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2.303 a 


Mn — Og 
k 2 а 





[ 


2.303 n 
Lys -—, log 
К n—1 
e Expression for the amount left after n half-lives 


! | [A], 
After one half-life, amount left > 


After two half-lives, amount left 
11А _ [Alo 


2 2 2? 
After three half-lives, amount left 


_1 TAL DAL, 


22 2 
In general, amount left after n half-lives 
_ [Ab 
2 
Total time 
No. of half lives un Ж 


1/2 
Determination of order of reaction from half life measurement: If A,, A, are the initial 
concentrations of the reactants and (1, „), and (1, „)„ are the corresponding half lives, then 
order of reaction is given as 


44 Dota)! Cya) 
logi, A/A 


Molecularity: 


The number of atoms, ions or molecules that must collide with one another simultaneously so as to 
result into a chemical reaction is called the molecularity of the reaction. Reactions generally have 
molecularity of 1, 2 or 3. Reactions with molecularity more than 3 are very rare because chances for 
larger number of molecules to come simulaneously for collision are less. 


(99) 
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The reactions are either elementary or complex in nature. 


Elementary reactions- The reactions taking place in one step are called elementary reactions. 


Complex reaction - The reactions which do not take place in one step but take place in a number of 
steps are called complex reactions. Each step of the complex reaction is an elementary reaction. 


In complex reactions, the overall rate of the reaction is controlled by the slowest step in a reaction. 
It is also called as rate determining step. 


e Mechanism of reactions. A series of steps proposed to account for the overall reaction is 
called the mechanism of reaction. 


i) For the reaction, 
2N,0, —> 4NO, + 0, 
experimentally, it is found that 
Rate = k [N,O,] 


This shows that the slowest step involves only one molecule of N,O.. Thus, the order of reactions 
is 1. 


hence, the probable mechanism is 
N,0, — NO, + NO, 
N,O, + NO, —— ЗМО, + 0, 
li) For reaction, 
2NO, + F, —> 2NO;F 
Rate = k [NO,] [Р] 
The order of reaction is two, Hence, the probable mechanism is 


Slow 
NO, + Р, — NO,F + F 


NO, + F——> NO,F 
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Difference between order and molecularity of reaction 


Order of reaction Molecularity 


It is the sum of powers to which It is the number of atoms molecules or ions 
concentration terms are raised in final rate | that are colloiding with each other in a single 
equation. step. 


itis an experimentally determined quantity It is determined theoretically from balanced 
chemical equation. 


iii) Order of reaction always refers to overall | Molecularity of overall reaction has no 
reaction. meaning. It always refers to the species 
participating in a single step. 


Knowledge of order of reaction helps іп | Knowledge of molecularity helps in predicting 
predicting the rate law of a reaction. the mechanism of reaction. 


it is whole number, fractional or may be | It is always a whole number. 
zero. The order of reaction w.r.t a species 

in reaction may be negative but overall 

order of reaction is always positive. 


vi) order of reactions can be changed by 
changing physical parameters such as 
concentration, temperature. 


Molecularity is always characteristic for each 
step and thus cannot be changed. 





Theories of Reaction Rates: The two well known theories to explain the rates of different reactions 
are: 


(1) Collision theory 
(2) Transition state theory or Theory of Absolute reaction rates 
1) Collision theory 


|) It is based upon the kinetic theory of gases according to which the molecules of a gas 
are continuously moving and hence colliding with each other. 


li) Тһе number of collisions that takes place per second per unit volume of the reaction 
mixture is known as collision frequency (Z). The value of collision frequency is very 
high of the order of 10^ to 10% in case of binary collisions. 


lil) ^ Every collision does not bring a chemical change. The collisions that actually produce 
the product are effective collisions. The effective collisions, which bring chemical change, 
are few in comparison to the total number of collisions. The collisions that do not 


101 
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form a product are ineffective elastic collisions, i.e., molecules just collide and disperse 
in different directions with different velocities. 


iv) For a collision to be effective, the following two barriers are to be cleared, 





At T+ 10°С 





Fraction of molecules 3 


Fig 4: Energy of reactants 


a) Energy barrier: “The minimum amount of energy which the colliding molecules 
must possess as to make the chemical reaction to occur, is known as threshold 
energy . 


e In Fig. 4 Е corresponds to fraction of molecules capable of bringing effective 
collision. 


e There is an energy barrier for each reaction. The reacting species must be 
provided with sufficient energy to cross the energy barrier. 


b) Orientation barrier: The colliding molecules should also have proper orientation 
so that the old bonds may break and new bonds are formed. 


For example, NO,(g) + NO,(g) — N,0,(g). During this reaction, the products are 
formed only when the colliding molecules have proper orientation at the time of 
collisions. These are called effective collisions. (Fig. 5) 


Collisions not properly oriented 


Molecules Molecules 
approach Separate” 


Collision 


| o No шош. 
Properly oriented collisions form products 


Molecules Bond , 
; a i Formation 
NỌ Product 


NO, NO, Collision 


Fig. 5: Role of orientation of molecules during collision 
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v) 


vi) 


Thus, the main points of collision theory are as follows, 


For a reaction to occur, there must be collisions between the reacting species. 


Only a certain fraction of the total number of collisions is effective in forming the 
products. 


For effective collisions, the molecules should possess sufficient energy as well as 
Orientation. 


The fraction of effective collisions, under ordinary conditions may vary from nearly 
zero to about one for ordinary reactions. Thus, the rate of reaction is proportional to: 


a) 


0) 


The number of collisions per unit volume per second (Collision їгедеипсу, 4) 
between the reacting species 


The fraction of effective collisions (Properly oriented and possessing sufficient 
energy). If Zag is the collision frequency P is the orientation factor then. 


һер н 

which is similar to Arrhenius equation, given as 
R = Ag Al 

on comparing these two equation 
A=PZ,, 


where the pre-exponential factor A is a constant called frequency factor, which gives 
the total number of collisions per second per unit volume, E, is the activation energy, 
R is gas constant, kis the rate constant at temperature Т. A and E, are called Arrhenius 
parameters. 


e Logarithmic form of Arrhenius equation. Taking logarithm of both sides of Arrhenius 
equation, we get 


Ink пд 
RT 


E 
look =logA—-——=2 — 
ш Og 599/25 303RT 


If k is rate constant at Т, and k, at T,, then we get 


sQ OF 
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og e. & |1 1|. & a E 
к, 2303R|T, Т,) 2303R| TT, 


Arrhenius equation can also be written in the form 








Log k 





1/T 
Fig 6: Plot of log k v/s 1/t 


e [п the Arrhenius eugation, 
К = Aet RT 


the exponential factor is dimensionless 


E | Jmd" 
RT (К! mol (К) 
therefore, pre-exponential factor A has the same units as that of the rate constant, e.g., for 


a first order reaction, k and A both have the units S'', That is why А is called ‘frequency 
factor. 





e In the Arrhenius equation, when T= oo, К = Ае" = A. When E, = OK = A, i.e., rate of 
reaction becomes independent of temperature. 


Activation energy 

The minimum extra amount of energy absorbed by the reactant molecules so that their 
energy becomes equal to threshold value is called activation energy . In other words, activation 
energy is the difference between the threshold energy and the average kinetic energy of the 
reactant molecules, i.e., 


Activation energy = Threshold energy-Average kinetic energy of the reactants 


Evidently, lesser is the activation energy, faster is the reaction or greater is the activation 
energy, slower is the reaction 
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The physical meaning of the activation energy is that it is the minimum relative kinetic 
energy which the reactant molecules must possess for changing into the products molecules 
during their collision. This means that the fraction of successful collision is equal to et"! 
called Bo/tzmann factor. 


Activated Activated 
complex 







complex 


Energy — 


Energy — 


Reactants 





Products 
C+D 
Progress of the reaction — Progress of the reaction — 
(Exothermic) (Endothermic) 


Fig. 7: Activation energy of exothermic and endothermic reactions 


Limitations of Collision theory:- 
(a) It is applicable to simple gaseous reactions only. 


(b) Itis supposed that only the kinetic energy of the colliding molecules contribute to the energy 
required for passing the energy barrier: There is no reason why rotational and vibrational 
energies of molecules should be ignored. 


(c) Ihe collision theory doesn't talk about the manner in which old bonds are broken and new 
bonds are formed. 


(d) Ihereis no method for determining the number of molecules colliding with proper orientation. 


Transition state theory: According to this theory, before the reacting molecules change into product, 
they form intermediates, called activated complex which has energy higher than both the reactants 
and products. The activated complex is supposed to be in equilibrium with reactant molecules i.e., it 
can either return to the initial reactants or proceed to form the products. 


This can be represented as: 


А+В C X NES Product 
Activated 


complex 
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By using some fundamental properties of the reacting molecules, it was shown by Eyring that the 
rate constant (К) for any reaction irrespective of its order or molecularity is given by 


К = к 

Where R = Gas constant 
T = Absolute temperature 
N = Avogadro’s number 
h = Planck constant 


K = Equilibrium constant for the formation of the activated complex from the reacting 
molecules 





"Urs 
[AB] 


Also, К = e'^&/ 


k = RT e ^8 RT 
Nh 


k = RT p ^H" IRT gAS"IR 
Nh 
Greater is the value of free energy of activation for a reaction, the slower will be the reaction. 
Advantage over collision theory 


i) In collision theory, the factor ‘p’ was introduced arbitrarily whereas in transition state theory, 
it has been justified in terms of entropy of activation As”. 


li) The concept of formation of activated complex is more appropriate than assuming that the 
molecules collide and form products. 


Solved Examples 


Q1. For the reaction 
2A -B— 3C +D 


-d[B] ас 
and —— 
at 








.. J-d[A] |. | 
The rate of reaction is 4 x 10? Ms“. What is the value of 


at 
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-19[А] -diB] _ 1a[C] _ aD] 
2d a 3d af 


«== 3224) = 2x10?Ms^ 


Solution Ае = 


ot 2) d 
[B] _ 2. лозу 
dt 


-10[д] _ 1910] 


2d за 

_, IG] _ 29А] _ дуло Мв. 
at 2| at 2 

шш! =6x10°Ms"' 

at 


02. 560 of N, and 17g NH, are present in 2L flask. What are their active masses? 
solution Active mass = molar concentration of the substance 

. number of moles of the substance 

E Volume in litres 


Mass of N, = 50 
Molar mass of N, = 28g mol" 


! | 896g —— F 
Active mass = (28gmol ^)x (2L) = 1.0 mol L 
Mass of NH, = 170 
Molar mass of NH, = 17g то!" 

17 
3 = 0.5 mol L7 


Active mass = aroma! "ух (2L) 
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Q3. For a reaction 
2А + B — C ; following data were collected 


[A]/(mol/L) [B]/(mol/L) Rate/(mol Е5' тіп") 
il) 6x10? 1 x 107? 0.004 
li) 6x 10° 2 x 107? 0.008 
iil) 12х10? 1 x 10° 0.008 


Calculate the overall order of the reaction and rate constant 
Solution Rate law for the reaction can be 
Rate = [A]* [B]? 
From first and second observations 
0.004 mol L-'min = k[6 x 10°*molL-"]* [1 x 107^molL^']?  ...(a) 
0.008 molL-'min = k[6 x 107molL^']* [2 x 10^molL^]?  ...(b) 
Dividing eq"(b) by (a) 


0008 [2x 107] 


0004 [1x10?] 
(2) = (2) > В = 1 
similarly from observations (i) and (ili) 
(12x10°mol L* 0.008 md Г 
(6x 10^mol L'min 0.004тю L^ 
(2) = (2) = о = 1 
Order of reaction n = a + b = 2 
Rate law for reaction is 
Rate = k [A] [B] 
From observation (i) 
0.004mol L^! min = k[6 x 107?mol L-1] [1 x 107? mol 1-1] 


A program to give wings to girl students 


UDIN 
CHEMICAL KINETICS reden uNeN ROS aici 


= k(6 x 10-^molL-?) 
_ 4x10 7 mol С mini" 
6x10^mol L? 
К = 6.6 mol"! min“ 
Q4. The decomposition of the following reaction follows first order kinetics 


3A(g) —> 2B(g) + 20(g) 


At the begining of the reaction, only A is present. The pressure developed after 10 min. and 
infinte time are 3.5 and 4 atm respectively. Calculate t... 


Solution 
3A(g == 28В(9) +2C(g) 
Att=0 Р, = = 
| 2х 2X 
t=10 min P- Х 4 4 
I _ 25, 2P, 
3 3 


Att = œ, P, = р, * p, = 4atm 
4 
=» зо = 4 atm 


12 
Fe aoe = 3 atm 


2 2 
Att=t, Po Pure SX + ZX 


X 
=Pot+ 3 


since a a P, 
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(a-X) aP -x 
=P,—3(P,—P,) = 4P,- ЗР, 
Given, At t = 10 min, P, = 3.5 atm 


Expression for first order rate constant is given as 





2.303 P 
k =——log 
t “4P -3P 
k- 2.308, 3 
10 o9 4x 3-3x35 
3 
= 0.2303 log 15 
— 0.2303 log 2 
= 0.2308 х .3010 
= 0.0693 min" 
„693 
Lo — k 
.. 693 
_ 0693 
t,, = 10 min 
Lea, la = 1.9 Ll, 
= 1.5 x10 


Leo, = 19 min 


Q5. The vapour pressure of two miscible liquids X’ and ‘Y’ are 100 and 200 atm respectively. On 
addition of Y to X, X polymerises by following first order kinetics. After mixing 10 moles of X 
with 15 moles of Y, the reaction is arrested by adding 0.65 moles of a non-volatile solute after 
75 min. The final vapour pressure of the solution is 220 atm. Calculate the rate constant. 
Also, state approximations made during the computation. 


Solution Given P? = 100 atm; P? = 200 atm; Р 


= 220atm 


total 
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n, = 10 moles; n, = 15 moles 
After 5 min. 
Пы = My + My + П, 
=n, + 15 + 0.65 
= n, + 15.65 


Mole fraction of 'X' in the solution 


0 
Ры = XP. +X Р, 


toal 








220—100 ш +200 іс 

n, +15.65 n, +15.65 
п, = 6.96 то! 
Пу —— X, 


For a just order reaction 


kt = 2.303log,, x 7 





t 


_ 25303 10 
75 ~'°696 


k = 4.83 x 103 min“ 


k 


Q6. A reaction occurs via two paths. the value of rate constants and activation energies for two 
paths are k,, E, and k,, E, respectively. The value of rate constant k, is greater than k, at 
temperature T,. At temperature T,, the rate constants become k, and k, respectively. Show 
that a relation between rate constants at two temperatures is expressed as 
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k Uk, 
Iam 
К, k, 


Solution According to collision theory 
k = Ae-E/RT 
For two paths of the given reaction 
At temp T, 
k, = Ae—E/RT, k, = Ae£xrT; 
At temp, Т, 
kK,’ = Ag-E/RT,. К, — Ae-E/RT, 


(activation energy is independent of temperature) 





MCN MM 
к. К. m 
similarly “z ND ...(2) 


2 


On comparing eq (1) and eq (2) 


nd ee 
өк 5) елт h 








=> Ky 2 
К, k, 
Q7. Consider a reaction 
Wa B 
22 
YN 
A 
X 
4 
И С 
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show that concentration of ‘A’ at equitibrium is given by the expression 


А, = к ДВ] = +k j[C],, 
1+ 
solution Rate of the reaction is given as: 
2014] =k [A] - k [В] + КА} — К [С] 
at 
<= =—k,[A] + k_,[B] – КА) + k_,[C] 
At equilibrium 
[А] = [А]; [В] = [В]; [C] = [C], 
and << = 0. 


-K [A], + k ,[B],, — K[A],, + k ,[C],, = 0 
КА], + [A], = k ,[B],, + К [C], 


к [В], +k Cl, 


or [A],. = k +k, 


PRACTICE QUESTIQNS 
1. During the kinetic study of the reaction 2A + B > C + D, following results were obtained 


S.No. [A|/mol L^  [B]|/mol L^ Initial rate of formation of D/mol і" тіп"! 


| 0.1 0.1 6.0 x 10° 
| 0.3 0.2 1.2 x 107 
ll 0.3 0.4 2.88 x 10"! 
IV 0.4 0.1 2.40 x 107 


UDOON 


A program to give wings to girl students STU DY MATERIAL FOR CHEMISTRY = XI 
Based on the above data which one of the following is correct? 
a. rate = КАЈ [В]: b. rate = k [A]? [B] 
c. rate = k [A] [B] d. rate = k [A]? [B]? 


2. Inthe reaction 2 NO + CI, —» 2 NOCI, it has been found that doubling the concentration of both 
the reactants increases the rate by a factor of eight but doubling the chlorine concentration 
alone only doubles that rate. Which of the following statement is correct? 


a. The reaction is second order in CI, 
b. The reaction is first order in МО 
c. The overall order of reaction is 2 
d. The overall order of reaction is 3 
3. Consider the reaction: 
Cl, (aq) + H,S (aq)  $ (s) + 2 H* (aq) + 2 CI- (aq) 
The rate equation for this reaction is rate = k [Cl,] [H,S] 
Which of these mechanisms is/are consistent with this rate equation? 
A. CL +H,S Н «CI +С + Н (slow) 
Cl - HS — H «CI +S (fast) 
B. H,S > Н «HS (fast equilibrium) 
СІ, + H8 — 2 CI +H +S (slow) 
a. Neither A nor B b. Aonly 
c. Bonly d. Both A and B 


4. The rate of a gaseous reaction is halved when the volume of the vessel is doubled. The order 
of reaction is 


a. 0 b. 1 
c. 3/2 d. 4/3 


5. For the reaction, А + B C + D, if concentration of A is doubled without altering the 
concentration of B, the rate gets doubled. If the concentration of B is increased by nine times 
concentration of A, the rate gets tripled. The order of reaction is 


10. 
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d. 2 b. 1 
с. 3/2 0. 4/3 
6. The reaction X ——» product follows first order kinetics. In 40 minutes, the concentration of X 


changes from 0.1 M to 0.025 M, then the rate of reaction when concentration of X is 0.01 M is 
a.  173x10^ M/min b. 3.47 x 10° M/min 
C. 3.47 x 10^ M/min d. 1.73 x 10° M/min 


Half-life of a reaction is found to be inversely proportional to the cube of initial concentration. 
The order of reaction is 


a. 4 b. З 
p. 39 d. 2 


Consider the reaction, 2 A + B —— Products: When concentration of B alone was doubled, 
the half-life did not change. When the concentration of A alone was doubled, the rate increased 
by two times. The unit of rate constant for this reaction is 


a. Ss! b. тог s~ 
c. nounit d. mol L” s^ 


For the reaction А —> P, a graph ої [R] against time is found to be a straight line with 
negative slope. What is the order of reaction? 


a. second order b. Third order 
c. First order d. Zero order 
In the reaction, 

BrO, (aq) + 5 Br- (aq) + 6H* —o 3 Br, + 3 H,O 


the rate of appearance of bromine (Br,) is related to the rate of disappearance of bromide 
ions as follows: 


dip; — Sd|E] d|E;] 5d[E ] 











dt 3 adt » d з 
d[Br,]__ 3d[Br] d 0181  S3a[BE ] 
а 5 dt © at 5 aft 
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11. 


12. 


13. 


14. 


3 ВгО- —o BrO, + 2Br- 


If IM = кво, + iu = k [BO T, _ =k [BOF 
the correct relation between k,, k, and k, is 

a 3k =k, =2k, р. k,=3k,=1.5k, 
сз k =k, =k, d. 2k =3k, =k, 
The rate constant of nth order has units 

a. йге!" mol" s^ b. то" litres“ 
c. то!" litre” s~! d. mol' litre"! s^ 


A hypothetical reaction A, + B, —> 2 AB follows the mechanism as given below: 
А, ——. А + А (fast) 

A + B, —> АВ + B (slow) 

A + B—— AB (fast) 


The order of the overall reaction Is: 


For a first order reaction, t 


! "av 


(average life time), t,,., and t.,., are in the order: 


a. EL ow. b. IE <b, <t, 


5 


С. ч кс d. Ly = t<}, 


STUDY MATERIAL FOR CHEMISTRY - XI 


UDOON 


CH EMICAL KI N ETICS A program to give wings to girl students 


ANSWERS 





PRACTICE QUESTIONS 


1. 


The rate constants К, ad k, for two different reactions are 10'°.e7°°" апа 10'.e 19" 
respectively. The temperature at which К, = k, is 


d. 


C. 


2000 
— —K 
1000K D. 2.303 
1000 
— —K 
2000K d. 2.303 


For a first order reaction A — P, the temperature (T) dependent rate constant (К) was 


1 
found to follow the equation log BE р The pre-exponential factor A and the 


activation energy E., respectively, are 


а. 
D. 
C. 
d. 


1.0 x 10° st and 9.2 kJ mol" 
6.0 s' and 16.6 kJ mol" 

1.0 x 10" st and 38.3 kJ mol" 
1.0 x 10° s' and 16.6 kJ mol" 


For the first order gas phase decomposition reaction, 
A(g) —o B (g) + € (g) 


If P, is the inital pressure of A and P, is total pressure after time t, then 


d. 


_ е k- 2-303, F 


t YP o t p.p 


0 


К 
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2.303, P 2303 P 
ERR ERP 


4. 50,01, —> $0, + Cl, is a first order gas reaction with k = 2.2 x 10° st at 320°C. The 
percentage of 50,01, decomposed on heating for 90 minutes is 


a. 1.118 b. 0.1118 
c. 18.11 d. 11.18 

5. Тһе following data is obtained during the first order thermal decomposition of 
2 A (9) — В (g) + C (S) 


at constant volume and temperature 


S.No. Time Total pressure in pascals 
1 At the end of 10 minutes 300 
2. After completion 200 


The rate constant in min is 
a. 0.0693 b. 6.93 
c. 0.00693 d. 69.3 


6. Тһе energies of activation for forward and reverse reactions for A, + В, —— 2 АВ are 180 kJ 
mol" and 200 kJ mol respectively. The presence of a catalyst lowers the activitation energy of 
both (forward and reverse) reactions by 100 kJ mol". The enthalphy change of the reaction 
(A, + B, — 2 АВ) in the presence of catalyst will be (in kJ mol!) 


a. 20 b. 300 
c. 120 d. 280 


7. The rate constant of a reaction increases by 55 when its temperature is raised from 27° to 
28°C. The activation energy of the reaction 15 


a. 36.6 kJ/mol b. 16.6 kJ/mol 
с. 46.6 kJ/mol d. 26.6 kJ/mol 


0. The activation energy of a reaction is 9kcal/mole. The increase in the rate constant when its 
temperature is raised from 295 to 300 K is approximately 
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a. 10% D. 50% 
c. 100% d. 25% 


9. Achemical reaction was carried out at 300 K and 280 K. The rate constants were found to be 
k,, and k, respectively. Then 


a. k,=4k, b. k, = 2k, 
с. k,- 0.25k, d. k,=0.5k 


10. What is the time required for a first order reaction to be 99% complete compared to the 
time taken for the reaction to be 90% complete? 


a. There is no change b. Time taken is double 


c. dime taken is triple d. Time required is half the initial value 


ANSWERS 





STUDY MATERIAL FOR CHEMISTRY - XI 


A program to give wings to girl students 


UD 


Á|peorueuÁpouueui 
peuie|dxe 
eq ued 


| 


uoneuJJ0J anpoud 


uonisoduuooosp 
uO 


әјашоо рәјелцое јо 
иођешілојЈи пә 
saideds Бирә 
биоше uols 


Aisodu} ӘЈеЈЅ 
иоіѕиел 


Г] 


Áq peurejdxe 


7+9 — Q Y əs 


UJSIUe uo9uJ 


UOI]9691 JO JopJo seuiLuJejep 


Бишеәш ou seu uonoeeJ 
ЦЕШӘЛО JO JopJo pue AjJe|noejouJ 


| 


Ow 


y Ljed 
а < Ajutew 


С = g & ү 9eA^nnoesuoo 





UOI}E1JUSDUOD 


ose ‘days Buiuiuuejep 
ӘЈеЈ Əy} SI 09]5 JSOMO|S 


fo 


dejs euo uey} SJOW 
BAIOAUI Jeu] SUOT]2E9J 


џоцоеәі JO eyeJ би}оәје $1012) 


owes әле 
ÁyJe|noejoui pue әр.) 


dejs euo и! 
peje|duuoo ae jeu иоцоРәЈ 


| | 


Xo|duuoo Ájejueuusje 
UOIje1U91JO A6seue | | 
Jedoid 09121318 
әд ued 
seJinboJ 
jonpoud и 3jnsoJ 
seioeds бицоеәл HOHO + HOOH ОЙН + HOOOH ОН < OTH 
USeMjeq 001811109 
ease 
9A!]28JJo e M И EZ Ae _ ay әзерпс | | 
L Є69`0 e ОН < _HO+.H JƏ}SƏ JO ио}оеәЈ 
(x-q)e 5 (q-e)} X? ao } WAjeyeo UOI]9€81 21001 sisÁjoupÁu Jeno 
(хед | '"eoez e б с хо” Бә | вә | вә | 
1 1 T 9JnssoJgd 
КлОӘЦ} puooes 15} 0292 15е} 9JeJepouJ MOJS 
UOISI[JOC) duel 
se рәціѕѕејо әцип; AjuouuuJoo әд ues 


SI UOI]969J Əy} }5е} МОЦ 





иоцедиәоиоо JO }uəpuədəpu! < 10819000 oey 2Il]SJo]oeJeuo О} SJasue 
UoneJjusouoo JO uoipunJ — me] 93e sey ѕәліб 





(әш YIM ѕәоәаѕ бицоегә јо иоцедиәоиоо јо әбиецо Jo әјел) 


зоңәшу JES! 


120 


UNIT 5 


Surface Chemistry 


It has been observed that solid substance(s) have characteristic behaviour as in many cases the 
solid has the tendency to attract and retain the molecules of the other species in contact only at the 
surface and not deeper into the bulk. Such tendency becomes more prominent if the substance is in 
finely divided form or it's surface is rough. Under these conditions, the surface area increases and 
also the residual forces acting along the surface increase. 


The phenomenon of higher concentration of any molecular species at the surface than in the bulk is 
known as adsorption. The substance adsorbed is known as adsorabate and the substance on 
which adsorbate it is adsorbed is known as adsorbent. The removal of the adsorbed sustance from 
a surface is called desorption. When equilibrium is reached 


Rate of adsorption = Rate of desorption 


Whereas, a physical or a chemical phenomenon in which atoms, molecules or ions enter some bulk 
phase - gas, liquid or solid is called absorption. 


When adsorption and absorption occur simultaneously and it is difficult to measure their relative 
extent then the phenomenon is referred to absorption 


Difference between Adsorption and Absorption: 


Adsorption Absorption 

i)  Itis a Surface phenomenon It is a bulk phenomenon 

li) | The adsorbate is accumulated at the The substance getting absorbed 
Surface of the solid is uniformly distributed throughout 

the substance 

iii) Adsorption is fast process Absorption is a slow process 

iv) Itis an exothermic process It is an endothermic process 

у) _ E.g.:- Adsorption of Ammonia on E.g.:- Absorption of Ammonia in water. 
charcoal 


Factors affecting adsorption 


|) Nature of the adsorbent: Same gas may be adsorbed to different extents on different 
adsorbents. 


ii) ourface area of the adsorbent: Greater the surface area, greater is the adsorption. 
That is why adsorption increases if the adsorbent is subdivided into smaller particles. 


iii) Nature of the gas being adsorbed: Greater is the critical temperature of a gas, 
greater are the vanderwaals forces of attraction, greater is the adsorption. 


iv) Temperature: On increasing the temperature, extent of adsorption, being exothermic 
process decreases. 
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v) Pressure. Adsorption increases with pressure at constant temperature. 


vi) Activation of the solid adsorbent. This means increasing the adsorbing power of 
the solid adsorbent. This can be done by subdividing the solid adsorbent or by 
removing the gases already adsorbed by passing superheated steam. 


vii) Liquefacation of gases: Gases that get liquefied easily such as HCI, NH,, and CO, 
get adsorbed to a greater extent than like H,, N,, O,, etc. 


Types of adsorption 


Depending upon the nature of forces between the adsorbate and the adsorbent molecules, 
adsorption can be classified into two groups namely physical adsorption and chemical 
adsorption (chemisorption) 


A physical adsorption at low temperature may pass into chemisorption as the temperature 
Is increased. e.g., H, is first adsorbed on the surface of nickel by vander waal forces, it then 
dissociates to form 'H' atom which are held to the surface by chemisorption. 


Physical adsorption Chemical adsorption 

i) Те molecules are attracted to the i) Тһе molecules are held to the surface 
surface simply by vander waals by chemical bonds forming surface 
forces. compounds. 

ii) Тһе heat of adsorption is low li) Тһе heat of adsorption is high 
(20-40 kJ mol’). (40-400 kJ mol"). 

iii) Ihe process is reversible. iii) The process is irreversible. 

iv) lttakes place usually at low temp, iv) ltfirst increases and then decreases with 
and decreases with increase of temperature. 
temperature. 

V) 1 does not require any activation v — It requires high activation energy. 
energy. (activated adsorption). 

vi) Itis non-specific in nature. vi) Itis specific in nature. 

vii) Itis related to critical temperature vii) There is no such correlation. 
of gas. 

viii) It forms multimolecular layer. viii) It forms unimolecular layer. 


Adsorption Isotherm 


e Adsorption Isotherm. It is the plot of the mass of gas adsorbed per gram of adsorbent 
(x/m) versus equilibrium pressure at constant temperature where x represents the mass 
of the gas adsorbed by m gram of the adsorbent. 
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Freundlich Adsorption Isotherm. Freundlich adsorption isotherm at room temperature 
is shown in the Fig: 1. 







T= CONSTANT 


3| x — 


SATURATION 
PRESSURE, sP 


P——» 
Fig 1: Plot of x/m v/s P for Freundlich adsorption isotherm 


From the above plot, we observe that 


X 
For low pressures, "a P 


X 
For high pressures, — = P 
For intermediate pressures, 
А ос Pn or X рр" (i) 
m m 
where n is an integer and it is a constant. 


1 
The factor 7 can have value between 0 and 1. 
1 "E 
When Dc — constant, the adsorption is independent of pressure. 


= Кр, i.e. the adsorption varies directly with pressure. 


3|* Glx 


1 
When — = 1, 

n 
Taking logarithm of equation (i) 


log = 100 keon P 
m n 


X 
Plot of P vs log P is a straight line with slope and intercept on Y-axis = log К. (Fig.: 2) 
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Limitations of Freundlich adsorption 


Qe 
log. 


intercept- log К 





log P 
Fig. 2: Plat of lag x/m ws log P for Freundlich adsorption isothenr 


e  |tis unable to explain deviation from linearity at high pressure. 

e |і applicable only for physical adsorption as it considers multimolecular layer of 
adsorption. 

e — |t doesn’t consider the role of surface area of adsorbent in the process of adsorption 
The Freundlich isotherm was modified by Langmuir in 1916. 


Langmuir adsorption isotherm: Assuming the formation of a monolayer of the adsorbate on the 
surface of the adsorbent, it was derived by Langmuir that the mass of the gas adsorbed per gram of 
the adsorbent is related to the equilibrium pressure by the equation: 


X aP 


m 1+bP 


where a and b are constants whose values depend upon the nature of the gas adsorbed, 
the nature of the adsorbent and temperature. The above equation can be rewritten as 





xim а 


P 1+ 6P 


P 1+ 1 b 
or —— = =—+—/ 
хіт а а а 








P 
Thus, a plot of —— versus P is a straight : | 
xim | Shope h 


line (Fig. 3) with slope = b/a and intercept on m 


axis = 
у 4 


intercept i 





lag Р 
Fig. 3: Plot of Р/т) ws P for Langmuir adsorption isothenr 
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Alternatively, writing the eqn. in the inverse form, we have 


m 1+bP b 





b 1 
X aP а aP 





ETE 
Fig. 4: Plat of x/m ws 1/P for Langmuir adsorption isothenr 


Thus a plot of m/x vs 1/P will be a straight line (Fig.: 4) with slope = 1/a and intercept on 
Y- axis = b/a 


Adsorption Isobars 


These are plots of x/m vs temperature at constant pressure for physical and chemical adsorption, 
(Fig.: 5 & 6). 






p constant 
psconstant 


3 |x 





Ese t —— 


(a) Physical adsorption (b) Chemical adsorption 
Fig. 5: Plot af x/m ws t for a system Involving Physical adsorption — Fig. 6: Plot of х/т v/s t for a system Involving chemical adsorptior 


Adsorption of solutes from solutions by solid adsorbent 


oolids can adsorb solutes from solution also. When a solution of acetic acid in water is shaken with 
charcoal, the concentration of acetic acid in the solution is found to decrease. This phenomenon is 
found to be similar to the adsorption of a gas on the surface of a solid. Therefore, Freundilich adsorption 
isotherm is applicable in the adsorption of solutes from solutions by solid adsorbent 


X 
i.e. — = ke" 
m 
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where c is the concentration of a solution in mol L7. 


Taking logarithm on both sides of above equation 


X 1 
log — = log K= 7109 o. 


Plot of log x/m vs/ log c is a straight line with slope of (1/n). 


Applications of adsorption:- A few applications are:- 


Colloids 


Purification of many organic compounds by chromatographic adsorption. 


separation of a mixture of inert gases by difference in degree of adsorption of gases by 
charcoal. 


The catalytic effect of a number of catalyst is based on the principle of adsorption. 


Removal of poisonous gases like CO, CH, using activated charcoal in gas masks. 


Depending upon the rate of diffusion Thomas Graham, classified the soluble substances into two 
categories: crystalloids (e.g. sugar, urea etc.) and colloids (e.g. starch, gelatine etc.). It was later 
observed that crystalline substance can be converted into colloidal form by suitable means. For e.g., 
the colloidal form of sodium chloride which is a crystalloid can be obtained in benzene. 


Therefore, a new classification, based on the size of solute particles has be introduced 


vi) 


True solution Colloids suspension 
Particle size: < 10 A? (1nm) 10A°- 1000А° (1nm-1000nm) » 1000 A? (1000nm) 


Pass through filter paperas Pass through filter paper but not Pass through neither of 


well as animal membrance through animal membrane the two 

Do not settle Do not settle settle on standing 
Particles are invisible Particles scatter light Particles are visible 
Diffuse quickly Diffuse slowly Do not diffuse 
Clear and transparent Translucent Opaque 


Colloids are classified on the basis of dispersed phase and dispersed medium 


UDOODN 
SURFACE CHEMISTRY UDAAN 


Dispersed phase is the substance which has been dispersed. It is a discontinuous phase, the 
particle size of which lies the range 1nm-1000 nm. 


Dispersion medium is the medium in which the substance has been dispersed. It is a continuous 
phase. 


There are eight different types of colloidals depending on the physical state of dispersed 
state and dispersion medium 


Dispersed | Dispersion | Name Examples 
iai medium 


Solid sol oome coloured glasses, gems stones 


Sol Paints, muddy water, cell fluids 
Aerosol Smoke, dust 

Gel Cheese, butter, jellies 

Emulsion Milk, hair cream 

Aerosol Fog, mist, cloud, insecticide sprays 


Solid foam | Pumice stone, foam rubber 


Pe 3. Se d eS IM = 


Foam Froth, whipped cream, soap lather 





Colloids are also classified on the basis of the nature of the dispersion medium. 


Name of colloid (sol) 


Water Aquasol or hydrosol 
Alcohol Alcosol 


Benzene Bensosol 


Gas Acrosol 
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Depending upon the nature of interaction between phase and dispersion medium, colloids can 
be classified as 


Lyophilic colloids/sols Lyophobic colloids/sols 

i) These are the organic substances like gum, 1) These are inorganic substances like metals, 
starch, gelatin etc. which when mixed with their sulphides etc. which do not form 
the liquid directly form the colloidal sol. the colloidal sol directly. These are 

prepared indirectly. 

li) They are reversible. li) They are irreversible. 

iii) Their viscosity is higher and surface tension iii) Their viscosity and surface tension are 
is lower than that of the dispersion nearly same as that of the dispersion 
medium. medium. 

iv) They are quite stable and are not easily iv) They are easily precipitated by adding 
precipitated or coagulated. a small amount of a suitable electrolyte. 


Classifification on the basis of nature of particle of the dispersed phase. On this basis, the 
colloids are classified into three types namely multimolecular colloids, macromolecular colloids and 
associated colloids. 


Multimolecular colloids. They are formed by the aggregation of a large number of 
atoms or molecules which generally have diameter less than 1nm, e.g., sols of gold, 
Sulphur etc. Their atoms or molecules are held together by weak van der waals forces 
and their molecular masses are not high 

Macromolecular colloids. They are molecules of large size, e.g., polymers like rubber, 
nylon, polythene, starch, cellulose, proteins, enzymes, etc. These substances when 
dissolved in a suitable liquid, directly form the colloidal solution. They have high molecular 
masses and have lyophobic character. 

Associated colloids. The substances which when dissolved in a medium at low 
concentration behave as normal strong electrolytes but at higher concentration exhibit 
colloidal state properties due to the formation of aggregated particles are called associated 
colloids. The aggreagated particles thus formed are called micelles. Their formation takes 
place above a particular temperature called Kraft temperature (T,) and above a particular 
concentration called Critical Micelle Concentration (CMC). These molecules contain both 
lyophilic and lyophobic groups. 


Preparation of Colloids 
Different methods are used for the preparation of lyophobic and lyophilic sols. 


Preparation of lyophilic sols: by dissolving these substances (e.g. starch, gelatine, 
glue etc.) in water either in cold or warm. Solutions of colloidal electrolytes (e.g. soaps, 
dyes) are also prepared in the similar manner. 
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iii) 


Preparation of lyophobic sols: To obtain a substance in colloidal form either the 
substance in bulk is broken down into particles of colloidal dimension (1nm to 1000nm) 
or the size of molecular particles is increased to colloidal dimensions. In some cases, 
another substance is added to increase the stability of sol. Such substances are known as 
stabilizer. Thus, there are two ways by which lyophobic sols can be prepared. 


Disintegration/Dispersion method 
Aggregation/Condensation method 


Disintegration methods: These involve the breaking down of bigger particles into colloidal 
particles. This is done by the following methods. 


Mechanical disintegration: The substance is grinded virtually to the size of colloidal 
particles and are then dispersed in the liquid. A stabilizer is often added to stabilize 
colloidal solution e.g. colloidal graphite and printing ink are prepared by this method. 


Electro-disintegration (Bredig's arc method.): This method is employed to prepare 
colloidal solutions of metals like gold, silver, platinum etc. The method involves passing 
of an electric current (arc) through electrodes made of desired metal, suspended in a 
trough of water kept cooled by the surrounding ice. Due to the intense heat at the arc, the 
metal changes into vapours which condense to form the colloidal particles. 
Peptisation. Itis the process of converting a freshly precipitated substance into colloidal 
particles by shaking with a suitable electrolyte, e.g., Fe(OH), opt with FeCl, solution, AgI 
ppt with AgNO, or KI solution and Al(OH), 207. with insufficient quantity of very dil. HCI 
solution. During peptization, the precipitate adsorbs one of the ion of the electrolyte on 
its surface resulting in development of positive or negative charge on the precipitate, 
which ultimately breaks into particles of colloidal dimensions 


Aggregation methods. These involve the joining together of a large number of smaller 
particles to form colloidal particles. This is done by the following methods: 
Chemical methods, eg., 
by double decomposition: 
As,0, (aq) + 3H,5 (aq) —> Аѕ,о, + H,O 


Colloidal sol 
by reduction: 
2 AuCl, (aq) + 35nCl, (aq) —o 2 Au + 3 SnUl, 
Gold sol 
By oxidation: 
Вг, (aq) + H,S (aq) — 5 + 2HBr 


Colloidal sol 
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By hydrolysis: 
FeCl, (aq) + 3H,0 —> Fe(OH), + 3HCI 


Colloidal sol 
li) Exchange of solvent: If a solution of sulphur or phosphorus in alcohol is poured into 
water, a colloidal solution of sulphur or phosphorus is obtained due to its low solubility 
in water. 


iii) By change of physical state: By passing the vapours of elements like Hg, © through 
cold water the colloidal sol can be prepared. 


Purification of Colloids 


Colloids prepared by above methods contain excessive amount of electrolytes and other substances 
which may coagulate it. Therefore, colloids are purified by the following methods: 


|) Dialysis. This is the process of separating the particles of the colloids from those of 
the crystalloids by diffusion of the mixture through a parchment paper or animal 
membrane. 


ii) Electrodialysis. In this method, the movement of ions across the membrance (as in 
case of dialysis) is expedited by applying electric current through two electrodes. 
This method is very fast. 


lii) Ultra filtration.This is the process of separating the particles of the colloids from 
those of the crystalloids by filtration through ultra filter papers (obtained by treating 
ordinary filter paper with collodion or gelatine solution to narrow down the pores 
suitably). 


iv) Ultra cetrifugation. In this method, the colloidal solution is placed in a high speed 
centrifugal machine. The colloidal particles settle down while impurities remain in the 
centrifugate. The settled colloidal particles are mixed with water to form the colloidal 
solution again. 


Properties of colloidal sols 
The characteristic properties are: 


e Heterogeneous nature : Colloids are heterogeneous in nature and consists of two 
phases, the dispersed phase and the dispersion medium. The phenomena of Tyndall effect, 
electrophoresis and electroosmosis confirm heterogeneity of colloidal systems. 


e Visibility : The partictes are too small to be seen with naked eye but become visible 
when viewed through ultramicroscope due to scattering of light by them. 
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e  Colligative properties : Colloidal sols have low values as compared to true solution, 
having same concentration. It is because the mole fraction of disprced phase due to 
high average molecular mass of colloidal particles. The molecular mass of colloidals 
particles can be determined by osmotic pressure measurements. 


e Surface tension and Viscosity : The surface tension and viscosity of lyophobic sols are 
not very different from that of dispersed medium. But, lyophillic sols show higher viscosity 
and lower surface tension in comparison to the dispersion medium. 


Tyndall effect: It is due to the scattering of light by colloidal particles. (Fig. / & Fig. 8) Tyndall effect 
is observed only when the following two conditions are satisfied: 


|) The diameter of the dispersed particles is not much smaller as compared to the 
wavelength of light used. 


li) There is a large difference in the refractive index of the dispersed phase and the 
dispersion medium. 


e Brownian movement : Brownian movement is the continuous zig-zag movemnt of the 
colloidal particles in a colloidal sol. Brownian movement arises due to the unequal impacts 


ik — Eve 
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Fig. 7; Tyndall effect Fig. 8: Study of Tyndall affect 


from different directions by the particles of the dispersion medium on the colloidal 
particles. (Fig. 9) 


When the dispersed particles acquire the dimensions ої o_, 
suspension no Brownian movement is observed. Thus, motion Ded 
depends on size of the particles and the viscosity of the solution. £ Bs 


Fig. 9: Brownian movement 
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Brownian movement counters the force of gravity acting on colloidal particles and does 
not allow it to settle down and thus provides stability to colloidal sol. 


e Electrophoresis - The process of electrophoresis or cataphoresis which involves the 
movement of colloidal particles either towards the cathode or anode under the influence 
of an electric field. (Fig. 10) 


Water 


medium ^ 





Fig. 10: Electrophoresis 


e  Electro-osmosis . Electro-osmosis or called elctro-endosmosis is a phenomenon in 
which the molecules of the dispersion medium are allowed to move towards oppositely 
charged electrode under the influence of an electric field whereas colloidal particles are 
not allowed to move. 


e Stability of colloidal sols : All the dispersed particles in a colloid carry the same charge 
(either positive or negative) while the dispersion medium has an equal and opposite 
charge. The particles, therefore, repel one another and do not come close together to form 
large non-colloidal particles. 


The charge on colloidal particles is due to preferential adsorption of ions, e.g., Fe(OH), 
adsorbs Fe** ions from FeCl, solution and forms positively charged sol. Similarly, AgCI 
particles can adsorb Cl ions from chloride solutions or Ag* ions from solutions having 
silver ions. The sol will be negatively charged in the first case and positively charged in 
the second case. 


Negatively charged colloidal sols: Metallic particles like Cu, Au, Pt, Ag etc., starch, 
clay, silicic acid, metal sulphides like Аѕ,5,, CdS, Sb,S, etc., acidic dyes like congo red, 
eosin etc. 


Positively charged colloidal sols : Metal hydroxides like Fe(OH), , AI(OH),, Cr(OH)., 
Ca(Oh),, oxides like TiO, etc., haemoglobin and basic dyes like methylene blue. 
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Coagulation of colloidal solutions 


The stability of the lyophobic sols is due to the presence of charge on colloidal particles. If the 
charge is removed, the particles aggregate or flocculate and settle down under the foce of gravity. 


e Coagulation or flocculation. It is the process of aggregating the colloidal particles 
together so as to form bigger particles which may settle down as a precipitate. It is usually 
done by addition of suitable electrolytes. 


e Difference between Flocculation and Coagulation. When a small amount of the electrolyte 
is added, i.e., when the concentration of the electrolyte added is low, the process is called 
flocculation. It can be reversed on shaking. However, at higher concentration, coagulation 
takes place and the process cannot be reversed simply by shaking. 


e Coagulation value or Precipitation value or Flocculation value. It is the minimum 
amount of the electrolyte in millimoles that must be added to one litre of the colloidal sol 
to bring about complete coagulation or precipitation. Thus. smaller is the flocculation 
value of an electrolyte, greater is its coagulating or precipitating power. 


Coagulating power of electrolyte 1 Coagulating value of electrolyte 2 
Coaquiating power of electrolyte 2 —. Goagulating value of electrolyte 1 


e Hardy-Schulze rule. It states that "Greater is the valency of the oppositely charged ion 
of the electrolyte being added, faster is the coagulation. Further, the coagulating power of 
an electrolyte is directly proportional to the fourth power of the valency of the effective 
ion.” Thus, for a negatively charged sol, like As,S., the order is АІ? > Ba** > Na* and for 
a positively charged sol, like Fe(OH)., the order is 


[Fe(CN).]- > РО, > 50,2 > CI] 
Coagulation can also be caused by electrophoresis, mutual precipitation (mixing colloidal sols of 
opposite charge), prolonged dialysis or by heating or cooling the sol. 
Protection of Colloids 


Lyophillic sols being extensively solvated are more stable than lyophobic sols. Therefore, lyophillic 
sols have unique property of protecting lyophobic sols. The process is known as protection and the 
lyophilic colloids which are used to make lyophobic colloids stable, i.e., to protect them from coagulation 
are called protective colloids. 


GEIS AND EMULSIONS 


GELS: They are colloidal systems in which liquids are dispersed phase and solids act as dispersion 
medium 
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Types of Gels 


|) Elastic gels. These gels posses the property of elasticity, these are reversible, i.e., 
they give solid on dehydration which can be changed back into gel by adding water 
and heating. When placed in contact with water, they absorb water and swell. This 
property is called imbibition. Examples include gelatin, agar-agar, starch etc. When 
gels are allowed to stand for long the, they give out some quantity of trapped liquids, 
which accumulates on the surface. This is called syneresis or weeping of the gel. 


il) Non elastic gels. These gels do not possess the property of elasticity. These are 
irreversible, i.e., when dehydrated, these change into powder which cannot be changed 
back by addition of water. These do not show the phenomenon of imbibition. Example 
includes silicic acid. 


EMULSIONS: • It is a colloidal dispersion in which both the dispersed phase and the dispersion 
medium are liquids (which are otherwise immiscible). Substances like soaps which 
help in making the emulsions stable are called emulsifiers or emulsifying agents. 

e Types of Emulsions. Emulsions are of two types: 


i) Oil in water (o/w): emulsions in which oil is the dispersed phase and water is the 
dispersion medium. For example, milk and vanishing cream. 


ii) Water in oil (w/o): emulsions in which water is the dispersed phase and oil is the 
dispersion medium. For example, cod liver oil, butter and cream. 


e Demulsification. The process of breaking an emulsion to yield constituent. 
APPLICATION OF COLLOIDS 


Most of the substances, we come across in our daily life are colloids. From the food that we eat to 
clothes that we wear or the things that we use are mainly composed of colloids. 


e Food items: Milk, butter, fruit juices are examples of colloids 
e Blood: Our blood is a colloidal solution of an albuminoid substance. 
e Soil: Fertile soils are colloidal in nature in which humus acts as protective colloid. 


e In purification of drinking water: Alum is added to water obtained from natural 
sources to destroy bacteria and coagulate the suspended impurities and make it fit for 
drinking purpose. 


e |n medicines: Most of the medicines are colloidal in nature as these are easily assimilated 
and hence are more effective. Milk of magnesia (an emulsion) is used in stomach disorders. 
Colloidal antimony is used in curing kala-azar. The disinfectants like dettol and lyzol are 
also emulsions. 
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e Colloids are also used extensively in rubber industry, photographic platch, soaps and 
detergents, paints, lubrecants etc. 


CATALYST AND CATALYSIS 


Catalyst is a substance which can change the speed of a chemical reaction without being used up in 
that reaction and the process is called catalysis. A catalyst is said to lower the activation energy and 
thus increase the rate of the reaction. Promotors are substances that increase the catalytic activity 
even though they are not catalysts by themselves. For e.g. in Haber's process, molybedenum acts as 
a promotor for iron which is used as a catalyst. 


Fe(s) 
№,(9) + SH Mofes 2NH, (9) 
o(s) 


A catalyst may act as Positive catalyst or inhibitor (negative catalyst) 
Positive catalyst 


For example, oxidation of SO, to SO, in presence of NO (lead chamber process) or in presence of 
V,O. (contact process) are examples of positive catalysts 


Inhibitors (Negative catalyst) 


If a catalyst decreases (retards) the speed of a reactions, it is called an inhibitor or a negative 
catalyst. e.g. decomposition of H,O, in presence of phosphoric acid and oxidation of chloroform in 
presence of alcohol are examples of negative catalysts. 


Types of Catalysis 
There are two types of catalysis: 


e Homogeneous catalysis. When the catalyst is present in the same phase as the reactants, 
it is called a homogeneous catalyst and the process is called homogeneous catalysis. 


CH,COOC,H.(I) + Н,00) >"> CH,COOH (I)  C,H,OH(I 


250, (g) + 0, (9) > 2 SO, (9) 


e Heterogeneous catalysis. When the catalyst is present in a different phase than that of 
the reactants, it is called a heterogeneous catalyst and the process is called heterogeneous 
catalysis. 


i) Manufacture of NH, from N, and H, using Fe as catalyst (Haber's process) 


li) Manufacture of Н,50, by oxidation of SO, to SO, using platinised asbestos or V,0. as 
catalyst (contact process) 
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Features of Solid Catalysts 


|) Activity. It depends upon the extent of chemisorption. The adsorption should be 
reasonably strong but not so strong that they become immobile and no space is 
available for other reactants to get adsorbed. 


il) selectivity. This is the ability of a catalyst to direct the reaction to yield a particular 
product. 


Ni 
e.g., CO (9) + 3H,(g) ————> CH, (g) + H,O (g) 
Cu/ZnO-Cr,0, 
СО (g) +2 H, (g) —————_> CH,OH (0) 
Cu 
CO (g) + H, (g) ——— HCHO (0) 
ZEOLITES AS SHAPE SELECTIVE CATALYSTS 


Zeolites are microporous alumino silicates with three dimensional network in which some Si atoms 
are replaced by Al atoms giving Al-O-Si frame work. 


They are heated in vacuum so that water of hydration is lost and they become porous. The size of 
pores varies between 260 pm- 740 pm which allows only those molecules to be adsorbed whose size 
is small enough to enter these pores. 


Thus, the reactions taking place in zeolites depend upon the size and shape of the reactant and product 
molecules and upon the pores and cavities of the zeolites. 


ZSM-5 which converts alcohols directly into gasoline (petrol) by dehydrating them to give a mixture 
of hydrocarbons. 


ENZYME CATALYSIS 


All biological reactions are catalysed by enzymes, i.e., enzymes are biological catalysts. They are all 
globular proteins with high molar mass (15,000 to 1,000,000 g/mol). Some of them also contain a 
non-protein component called cofactor. 


Properties of Enzymes 
|) Efficiency: They are highly efficient catalysts. They increase rate by 10° to 107° times. 
li) opecificity: Each enzyme catalyses only one chemical reaction. 


Enzyme invertase hydrolyses sucrose but not maltose which is hydrolysed by the 
enzyme maltase. 


invertase 


C.H,,0,, + Н,0 —————> С,Н,,0, + C,H,,0 


12 32711 6 1276 6 1276 
Sucrose Glucose Fructose 
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maltase 
C,,H,,0,, + Н,0 ———-> 2 C,H,,0, 
Maltose Glucose 


The reason for specificity is that each enzyme has a specific active site on its surface where it binds 
to the substrate (reactant) through intermolecular forces (H-bonds, dipole forces). 


Optimum temperature and pH 
In fact, as the temperature or pH is increased, rate rises to a maximum and then falls off. (Fig. 11) 


The optimum temperature range for enzymatic activity is 298-310 К and pH range is 5-7. 





D. 14 


Fig. 11: Effect af pH on enzyme activity 


e Enzyme activators (co-enzymes). The activity of certain enzymes is increased in the 
presence of certain substances, called co-enzymes, e.g., vitamins present as non-protein 
part. The activators are generally metal ions like Na+, Mn*', Cu**, Co* etc. 


e Mechanism of enzyme catalysis (Lock and key mechanism). 
step |. Formation of Enzyme-Substrate complex 
К+ ES (Fast and Reversible) 


step 11. Dissociation of Enzyme-Substrate complex to form the products 








ES ——> EP ——>+E+P (Slow and Rate determining) 
solved Questions 


Q1. The addition of 4mL of 0.005M BaCl, to 16.0 mL of As,S, sol just causes complete coagulation 
in 2 hrs. What is the flocculating value of the effective ion? 


solution As,S, sol is negatively charged owing to preferential adsorption of S^ ions. Therefore, 
cation would be effective ion in coagulation. 


Flocculating value = minimum milli moles of the effective ion per litre of sol 
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_ 4x0.005 x10" 


4 4-16 
The flocculating value of Ва? is 1.0 


=1.0 


Q2. What type of sol is obtained by adding FeCl, solution to slight excess of NaOH? What type of 
electrolyte will be effective in its coagulation? 


solution FeCl, + 3 NaOH ——— Fe(OH), (s) + 3 NaCl 
Fe(OH), + OH ——— [Fe(OH),] OH- of NaOH- 
(from excess of NaOH) 


The sol is negatively charged and thus the cation with greater valancy will be more effective in its 
coagulation e.g. Al% 


Q3.  Whatis the gold number of starch when the coagulation is just prevented by adding 1mL 
solution of 10% NaCl to 10 mL gold sol containing 0.0250 g of starch. 


Solution Gold number is defined as the amount of protective colloid in ‘mg’ to be added to 10mL 
of gold sol to prevent its coagulation 


Gold no = 0.0250 g x 1000 mg g^ 
= 25 


Q4. Кога given system, plot of log х/т v/s log P is a straight line with an angle 45° and intercept 
0.3010. What is the amount of gas adsorbed per gram of adsorbent when the initial pressure is 0.5 atm. 


Solution According to Freundlich isotherm, 
X 1 X 
log — =logk+—log P or — = К(Р)"” 
0 =log 4+ log Тш. 
Given: 
Slope _' = tan 45? =1 
n 
Intercept = log K = 0.3010 or K 22 


Using these values in the above equation 


X 
A = Ру!" = 2 x (0.5) 
<= K(P)'^ = 2x (0.5) 


Or 2 ad 
m 
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Q5. During adsorption of hydrogen gas over a sample of charcoal, 1.12 cm? of H,(g) measured 
over STP (298, 1atm) was found to adsorb per gram of charcoal. The density of H, is found to be 0.07 
g/cm?. Considering formation of monolayer, calculate 


|) 
ii 
ii) 


Solution 


number of molecules of H, over 1g charcoal 
radius of adsorbed hydrogen molecule 
specific surface area of charcoal. 


i) Volume of H, adsorbed over 1g charcoal = 1.12 cm? (at STP) 


moles of H, = = ð x 10? mole 


112 
22400 
=> no. of molecules of H, = 5 x 10? х 6.022 x 10% 
= 3.01 x 10" molecules 
li)  desnity of H, = 0.07 g/cm? 
= 0.07 g H, has volume = 1 mL 
1 molecule of H, has volume 
_ 1x2 
0.07 x 6.022 x 10° 


Assuming H, to be a spherical molecule 


СЬ А 
0.07x6.022x10% 3 
solving for r 


r=2.24 x 10? cm. 
iii) Area of H, molecule = nr? 
No. of molecules adsorbed = 3.01 x 10" 
Specific area of charcoal per gram = 
лі? X 3.01 x 10" = 3.14 x (2.24 x 1079? x 3.01 x 10° 
= 4.73 x 10* cm?/g 
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PRACTICE QUESTIQNS 


1. Potassium stearate is obtained by saponification of an oil or fat. It has the formula CH, - 
(CH,),- СООК". The molecule has a lyophobic end (CH,) and a lyophilic end (COO'K*). 
Potassium stearate is an example of 


a. lyophilic colloid b. 
c. macromolecular colloid d. 


multimolecular colloid 
associated colloid or micelle 


2. Consider the following statements about micelles: 


i) At critical micelle concentration, several properties of the solutions of surfactants such 
as molar conductivity, surface tension and osmotic pressure exhibit a dramatic change 


ii) No micelles from ionic surfactants are formed below a particular temperature 
iii) The enthalpy of micelle formation in aqueous solution is slightly negative Which of these 


are correct? 
a. i) only b. i) and ii) 
C. 1), li) and iil) d. i) and iil) 


3. Sulphur sol contains 
a. Discrete sulphur atoms 
b. Discrete sulphur molecules 
c. Large aggregates of sulphur molecules 
d. Water dispersed in solid sulphur. 


4. What is the equation form of Langmuir isotherm under high pressure? 





X g x 
а => b. —= ағ 
Fn 1) Fn 
x 1 x 8 
C. == d. _— == 
m åF m å 
9. [he colloidal dispersion of solid in a gas is called 
a. Foam b. Aerosol 
c. Gel d. Sol 
6. Butter is an example 
a. Gel b. Emulsion 
с. Sol d. Foam 


UDOON 


SURFACE CH EM IST RY A program to give wings to girl students 
7. Род is a colloid consisting of 
a. Gas dispersed in liquid b. Liquid dispersed in a gas 
C. Gas dispersed in gas d. Solid dispersed in gas 
8. According to Langmuir adsorption isotherm, the amount of the gas adsorbed at very high 
pressure 
a. reaches a constant limiting value 
b. goes on increasing with pressure 
C. goes on decreasing with pressure 
d. first increases and then decreases with pressure 
9. A particle of suspension of radius 1 mm is broken to form colloidal particles of radius 1000 A. 
Their total surface area will .................... times the surface area of particle of suspension. 
a. 10° b. 10' 
c. 10 d. 10° 
10. The physical states of dispersing phase and dispersion medium in colloid like pesticide spray 


respectively are 
a. solid, gas b. gas, liquid 
c. liquid, gas d. liquid, solid 


ANSWERS 
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PRACTICE QUESTIONS 


1. 


Which one of the following statements about the zeolites is false? 

a. The are used as cation exchangers 

b. They have open structure which enables them to take up small molecules 
c. Zeolites are aluminosilicates having three-demensional network 

d. Some of the SiO,” units are replaced by AIO * and AIO,* ions in zeolites. 


Identify the correct statement regarding enzymes 

a. Enzymes аге specific biological catalysts that can normally function at very low temperature 
(1-100 K) 

b. Enzymes are normally heterogeneous catalysts that are very specific in action 

c. Enzyms are specific biological catalysts that cannot be poisoned 

d. Enzymes are specific biological catalysts that possess well defined active sites. 


Ferric chloride is applied to stop bleeding because 

a. Fe* ions coagulate negatively charged blood solution 
b. Fe* ions coagulate positively charged blood solution 
c. Cl ions coagulate positively charged blood solution 
d. Cl ions coagulate negatively charged blood solution 


Which one of the following statement is wrong? 

a. Greater the gold number of a protective colloid, less is its protective power 

b. Hardy-Schulze rule is applicable only to the coagulation of lyophilic sols 

c. Greater flocculation value of an electrolyte means its poor coagulating power 

d. For coagulation of a positive sol, positive ions of the electrolyte have no significance. 


In petrochemical industry, alcohols are directly converted to gasoline by passing over heated 
a. Platinum b. ZSM-5 
c. iron d. Nickel 


oelect the non-elastic gel out of the following 
a. etarch b. Agar agar 
c. Silicic acid d. Gelatin 
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f. 


10. 


11. 


12. 


13. 


Elastic gels when placed in contact with water, they absorb water and swell. This property is 
called 


a. Thixotropy b. Weeping 
с.  syneresis d. (Imbibition 


Which one of the following emulsifying agents helps in the formation of w/o emulsion? 
a. Proteins b. Gums 
c. Insoluble soaps d. Soluble soaps 


Which of the following electrolyte will have maximum flocculation value for Fe (OH), sol? 
a. NaCl b. Na,s 
c. (NH,),PO, d. К,50, 


Zeta potential (or electrokinetic potential) is the 
a. potential required to bring about coagulation of a colloidal sol 
b. potential required to give the particles a speed of 1 cm/s in the sol 


с. potential difference between fixed charged layer and the diffused layer having opposite 
charge 


d. potential energy of the colloidal particles. 
A colloidal solution is subjected to an electrical field. The particles move towards anode. The 


coagulation of same sol is studied using NaCl, BaCl, and AICI, solutions. Their coagulating 
power should be 


a. NaCl > Васі, > AICI, 

b. BaCl, > AICI, > NaCl 

C. AICI, > BaCl, > NaCl 

d. BaCl, > NaCl > AICI, 

Colloid of which one of the following can be prepared by electrical dispersion method as well 
as reduction method? 

a. sulphur b. Ferric hydroxide 

c. Arsenious sulphide d. Gold 


The method which does not result in sol destruction is 
a. Electrophoresis b. Addition of electrolyte 
c. Diffusion through animal membrane d. Mixing two oppositely charged sols 
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14. Collodion is a 4% solution of which on of the following in alcohol-ether mixture? 
a. nitroglycerine b. cellulose acetate 
c. glycol dinitrate d. nitrocellulose 


15. Bredig arc method cannot be used to prepare colloidal solution of which of the following? 


a. Pt b. Fe 
c. Ag d. Au 
16. Purification of blood in the body is based upon the phenomenon of 
a. Electrophoresis b. Electro-osmosis 
c. Dialysis d. Coagulation 
ANSWERS 
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UNIT 6 


General Principles & Processes of Isolation of Elements 


Learning Outcomes 
The learners will be able to 
e Explain the terms minerals, ores, calcination, roasting, refining, etc. 
e Understand the principles of oxidation & reduction in isolation of elements 


e Apply the uses of thermodynamics parameters like Gibbs energy & entropy in extraction 
of metals. 


e Minerals 


The compounds of metals in which metals occur in nature are called minerals. 


e Ores 


The minerals from which metal can be conveniently and economically extracted are called ores. 
While all ores are minerals but all minerals are not ores. 


e Gangue 
An ore is usually contaminated with undesired materials known as gangue. 


e Metallurgy 


The entire scientific and technological process used for isolation of the metal from its ores is 
known as metallurgy. 


The extraction & isolation of metals from ores involve the following major steps: 
e Concentration of the ore. 
• |solation of the metal from its concentrated ore 
e Purification of the metal 
Classification of Ores 
Ores may be divided into following types 


e Oxides: Haematite, Fe,0, ; Limonite, Fe,0, . 3 H,O ; Magnetite or Loadstone, Fe,0,,; Bauxite, 
ALO,. 2 H,O ; Cassiterite or Tinstone, 5П0,; Corundum, Al,O.; Diaspore, А! О. H,O ; 
Pyrolusite, MnO,; Zincite, ZnO ; Rutile, TiO, ; Cuprite or Ruby copper, Си,0 

e Carbonates: Magnesite, MgCO, ; Dolomite, CaCO,. MgCO,; Cerussite, РОСО, ; Calamine 
or Smithosonite, ZnCO, ; Siderite, FeCO, ; Malachite or Basic copper carbonate, CuCO.. 
Cu(OH),; Azurite, 2 CuCO, . Cu(OH), ; Limestone or Calcite (Marble, Chalk, Slate), CaCO, 


e  eulphides : Iron pyrites, FeS, ; Galena, PbS; Zinc blende, ZnS ; Cinnabar, HgS ; 
Chalcopyrites or Copper pyrites, CuFeS,; Silver glance orArgentite, Ад. ; copper glance, 
Cu, ; Pentlandite, (Ni, Fe) 5 , 
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Halides : Sylvine, KCI ; Camallite, КОТ. MgCl, . 6 H,O ; Common salt or Rock salt, NaCl; 
Horn silver, AgCI; Cryolite, Na, AIF, ; Fluorite or Fluorspar, CaF, 


sulphates : Anglesite, PbS0, ; Gypsum, CaSO, . 2 H,O ; Barytes, BaSO, ; Epsomite or 
Epsom salt, MgSO, . 7 H,O ; Kieserite, MgSO, . H,O. 


silicates : Asbestos, Mg,(Si,0,) (OH), ; Talc, Mg,(Si,0,),. Mg(OH),; Willemite, Zn,SiO,; 
Felspar, KAISi,0,; Mica, К.О. З Al,0, . 6 SiO, . 2 H,O 


3-8 


Concentration of ores: Removal of unwanted impurities (gangue) e.g. sand, clay etc. from 
the ore is known as concentration, benefaction or dressing of the ore 


1) 


Levigation. 

It is the process of separating the lighter gangue particles from the heavier ore by 
washing in a current of water. This is also called gravity separation or hydraulic washing 
and is generally used for oxide ores and carbonate ores. This method is based on the 
difference in densities of the ore particles and impurities. For example, haematite, tin 
Stone and native ores of Au, Ag etc. which are usually concentrated by this method. 


Froth-Floatation 

This process is used for the concentration of sulphide ores and is based upon 
preferential wetting of the ore particles by the oil used as a foaming agent (pine oil 
and fatty acids) and gangue particles by water. As a result, the ore particles become 
light and rise to the top in form of froth while the gangue particles become heavy and 
settle down. Thus adsorption phenomenon is involved in this method. Cresols and 
aniline are used as froth stabilizers. 


Ethyl xanthate and potassium ethyl xanthate are used as collectors (to make the ore 
water repellant) and copper sulphate is used as an activator while sodium and 
potassium cyanides are used as depressants. In case of sulphide minerals containing 
two or more metals such as galena (PbS) is separated from sphalerite (ZnS) and iron 
pyrites (FeS,) by froth floatation process in presence of sodium cyanide and alkali as 
depressants and potassium ethyl xanthate as collector. The former compounds depress 
the floatation property of ZnS and Fes, particles by forming their cyanide complexes 
Na,[Zn(CN),] and Na,[Fe(CN),] and only PbS particles go into the froth. 


Electromagnetic Separation 

This method is used when either the ore or the impurities associated with it are 
magnetic in nature. For example, cassiterite (5nO,, tinstone) an ore of tin (non- 
magnetic) is separated from of ferrous tungstate (wolframite, FeWO,) (magnetic). 
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Chemical Method—Leaching 

Leaching is the process in which the ore is concentrated by chemical reaction with a 
suitable reagent which dissolves the ore but not the impurities. For example, in Baeyer's 
process bauxite is leached with a hot concentrated solution of NaOH to dissolve 
aluminium and SiO, while other oxides (Fe,O., TiO,) remain undissolved and noble 
metals (Ag and Au) are leached with a dilute aqueous solution of NaCN or KCN in 
presence of air. 


Isolation of the metal from its concentrated ore 


The concentrated ore must be converted into a form which is suitable for reduction. Oxides 
are easier to reduce, thus non-oxide ores are first converted into an oxide ore and then it 
reduce to metal by suitable agent. 


а) 


Conversion to oxide: 
|) Roasting 


Roasting is the process in which the ore is heated strongly, below its melting 
point, in presence of excess of air. This process is used for the conversion of 
sulphide ores to their respective metal oxides (de-electronation of ores). 


2/n$ + 30, —o 2Zn0 + 290, ; 
ZnS + 20, —> ZnSO, 
li) Calcination 


Calcination is the process in which the ore is heated strongly, below its melting 
point, either in absence or in a limited supply or air. This process is used for 
the conversion of the carbonates and hydrated oxide ores to their respective 
oxides. 


CaCO, —— Саб + CO, 
Reduction of oxide to the metal: 
i) Reduction by Carbon-Smelting 


Smelting is the process of extraction of a metal from its roasted or calcined 
ore by heating it with powdered coke in presence of a flux. 


ZnO + C — > Zn + СО 
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ii) 


iii) 


Flux is a substance which combines with gangue (earthy impurities) still 
present in the roasted or the calcined ore to form a fusible product called 
Slag. 


Flux + Gangue —> Slag 


Acidic fluxes. For basic impurities like those of lime, or oxides of iron present 


in the ore, acidic fluxes like silica (Si0,), borax (Na,B,0_, 10 H,O) are used. 


FeO + 510, ——> FeSiO, 
Gangue Acidic flux Slag 


Basic fluxes. For acidic impurities like those of silica (Si0,), phosphorus 
pentoxide (P,0,,), etc. present in the ore, basic fluxes like limestone (CaCO.), 
magnesite (MgCO.), haematite (Fe,O.) etc. are used. 


SiO, + CaCO, ———> Са5і0, + CO, 


Gangue  basicflux Slag 
Thus silica (510,) acts both as a flux as well as a gangue. 
Reduction by Aluminium—Goldschmidt Aluminothermic Process 


Aluminothermic process involves the reduction of oxides (Fe,O., Cr, O., Mn,0,, 
etc.) by aluminium power. 


Fe,0, + 2 AI ——> ALO, + 2 Fe ; 
Сг,0, + 2 AI ——> ALO, + 2 Сг; 
3Mn,0, + 8 Al ——> 4А1,0, + 9 Mn 


The mixture of metallic oxide such as Fe,O, and aluminium powder in the 
ratio of 3 : 1 is known as thermite. 


Reduction by Precipitation (Hydro-metallurgy) 


Hydrometallurgy is the process of dissolving the metal or its ore by the action 
of a suitable chemical reagent followed by recovery of the metal either by 
electrolysis or by the use of a suitable precipitating agent (displacement 
method). For example, 


4 Au +8 KCN +2H,0 + 0, —— 4 K[Au(CN),] + 4 KOH 


2 K[Au(CN),] + Zn ———> 2 Au + K, [Zn(CN),] 
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v) 


Reduction by Mg 
This method is applicable for the reduction of ТІСІ, (Krolls process). 


ТІСІ, + 2 Mg ——» 2 MgCl, + Ti 


|!) REFINING OF CRUDE METALS 
Refining or purification of crude metals. 


Refining of metals is the process of obtaining the metals in the pure state from crude metals. 
Refining is done by the following methods: 


1) 


Liquation 
Liquation is used for the refining of such metals as are readily fusible (i.e. having low 
melting points) such as Pb, Sn, Bi and Hg as compared to impurities (less fusible). 


Distillation 
Distillation is used for the refining of such metals which have low boiling points such 
as Hg, Zn, Cd, etc., i.e., volatile metals. 


Poling 
This method is employed when the impure metal contains impurities of its own 
oxide. For example, Си,О in blister copper and SnO, in impure Sn. 


Cupellation 
Cupellation is used for the refining of such metals which contain impurities of other 
metals which form volatile oxides. 


Electro-refining 

Metals like Cu, Ag, Au, Cr, Zn, Ni etc. are purified by this method. In this method, 
impure metal forms the anode while the cathode is a rod or sheet of pure metal. The 
electrolytic solution consists of a soluble salt of the metal. On passing electricity, the 
pure metal gets deposited on the cathode while the insoluble impurities settle down 
below the anode as anode mud or anode sludge. 


Zone-refining 

This method is based upon the principle of fractional crystallization, ie. difference 
in solubilities of impurities in molten (more soluble) and solid state of metal 
semiconductors like silicon, germanium and gallium are purified by this method. 


Van Arkel Method - Vapour Phase Refining 
This method is used for preparing ultrapure metals required in space technology in 
this method, the impure metal is first converted into a volatile stable compound 
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generally iodide at lower temperature (leaving behind the impurities) which is then 
decomposed at a higher temperature to give the pure metal. Metals like titanium, 
zirconium, thorium and uranium are purified by this method. 


500 .... 1700K 
Ti + 21, ——>Til, ——>Ti +2, 
Impure Volatile Pure metal 
metal compound 
(stable) 


This process is also called vapour-phase refining. 


Mond’s process — For refining nickel 


330-350K .. 450-470 K 
Ni + 400 ————-+ М(СО), ————> Ni + 4 CO 
Impure Volatile Pure 


Chromatography 
The method is based on the principle that the different components of a mixture are 
adsorbed to different extents on an adsorbent. 


Electrolytic Reduction—Electrometallurgy 

Electrometallurgy is the process of extracting highly electropositive (active) metals 
such as Na, К, Ca, Mg, Al etc. by electrolysis of their oxides, hydroxides or chlorides 
in fused state. 


For example, Na is obtained by the electrolysis of fused NaCl in Down's cell and Al by 
the electrolysis of fused ALO.. The metal is liberated at the cathode and electrons here 
serve as the reducing agent. The process of electrolysis has been used to carry out 
the reduction of molten metal salts. The electrochemical principles of this method 
can be understood in terms of the following equation 


AG^--nFE* 


where n is the number of electrons involved in the reduction process, E? is the electrode 
potential of the redox couple (M/M"*) present in the system. More reactive metals have 
large negative values of electrode potentials and hence are difficult to reduce. If the 
difference in E? values of two redox couples is positive, then AG? in the above equation 
would be negative and thus, the more reactive metal will displace the less reactive 
metal from the solution. In other words, less reactive metal will come out of the solution 
and the more reactive metal will go into the solution. For example, 


Cu^(aq) + Fe(s) ———> Cu(s) + Fe* (aq) 
More reactive Less reactive 
metal metal 
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or Си“* (ад) + Н, (0) — Си (s) + 2 H+ (aq) 


since E? of Fe*'/Fe (— 0.44 V) or that of Н+/Н, (0.0 V) redox couple is lower than 
that of Cu*'/Cu (+ 0.34 V), therefore, Fe or H, displaces Cu from Cu* ions. 


The above reaction is made use of in the extraction of copper from low grade ores 
and scraps. 


Varieties of Iron 


Pig iron. 

It is the impurest form of iron. It is obtained directly from the blast furnace and contains 
about 4% carbon besides impurities of Mn, Si, 5 and P. Dueto the presence of impurities 
its mp. is low (1473 K). 


Cast iron 
It contains 3% carbon. It is extremely hard but brittle. Its melting point is the same as 
that of pig iron. 


Wrought iron 
It is the purest form of iron. Carbon is partly present as graphite and partly as iron 
carbide. 


Steel 
The carbon content of various steels lies between those cast iron and wrought iron. 


The choice of the reducing agent, however, depends upon the reactivity of the metal. 
Oxides of very reactive metals like K, Na, Ca, Mg, Al, etc. can be reduced only by the 
electrolytic method. Oxides of less reactive metals such as zinc, iron, copper, lead, tin, 
manganese, chromium can be reduced by a number of reducing agents such as carbon 
(coke), carbon monoxide or even another metal. The process of extracting the metal by 
heating the metal oxide with a suitable reducing agent is called pyrometallurgy. To predict 
which element or compound will suit as a reducing agent for a given metal oxide and at 
what optimum temperature, the basic concepts of thermo-dynamics are quite useful as 
explained below: — 


Extraction of Cast Iron 


Cast iron is usually extracted from haematite. The ore after concentration by gravity 
separation process is calcined to remove moisture, impurities of S, P and As as volatile 
oxides and to ferrous oxide to ferric oxide (which prevents the loss of iron slag during 
smelting) 


4FeO + 0, ——— 2Fe,0, 
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The ore becomes sintered (porous) and hence is more suitable for reduction to metallic 
State. In case of carbonate ore (siderite), during calcination, it is converted into ferric 
oxide 


FeCO, ———> FeO + CO, 
4 FeO + 0, ——— 2 Fe,0, 


However, in case of sulphide ore (iron pyrites), concentration is carried out by roasting: 
4 FeS, + 11 0, ——— 2 Ғе,0, + 8 50, 


The next step is smelting where the calcined ore (8 parts) is mixed with limestone (1 part) 
and coke (4 parts) and is then fed from the top into a blast furnace while preheated air 
at about 1000 K is passed into the furnace through a number of nozzles provided near 
the bottom of the furnace. The added coke serves both as a fuel as well as a reducing 
agent while limestone acts as the basic flux. 


Thermodynamic Principles of Metallurgy 
For any process, Gibbs free energy change (AG) is given by the equation, 
AG = AH — TAS 


where AH is the enthalpy change, AS is the entropy change and T is the absolute temperature. The 
free energy change is also related to the equilibrium constant К of the reactant-product system at 
temperature T by the following equation 


AG = – RT In К 


If AG is -ve, then K will be positive meaning thereby that the reaction will proceed towards products. 
From these facts, we can draw the following conclusion: 


The criterion of feasibility of a reaction at any temperature is that the AG of the reaction must be 
negative. 


A reaction with AG positive can be still made to occur by coupling it with another reaction having 
large negative AG so that the net AG of the two reactions is negative. Such couplings can be easily 
understood through Gibbs free energy of formation А 6° vs T plots for formation of oxides known as 
Ellingham diagram. Such diagram helps us in predicting the feasibility of thermal reduction of an 
oxide ore. 


Each plot is a straight line except when some change in phase (solid ———9 liquid or liquid ———> 
gas) takes place. The temperature at which such a change occurs is indicated by an increase in the 
slope on the «ve side. For example, in the Zn-ZnO plot, the boiling point of zinc at 180 K is indicated 
by an abrupt increase in the «ve slope of the curve. The feasibility of a reduction process can be 
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predicted simply by looking at the Ellingham diagram. Metals for which free energy of formation 
(Аб ^) of their oxides is more negative can reduce those metal oxides for which the free energy of 
formation of their respective oxides is less negative. For example, at any given temperature, any 
metal will reduce the oxides of other metals which is above it in the Ellingham diagram because the 
free energy change (A,G°) for the overall redox reaction becomes more negative by an amount 
equal to difference between the free energy of formation (A,G^) of the two oxides at that temperature. 
Further, greater the difference, easier is the reduction. For example, Al reduces ZnO, FeO and Cu,0 
more readily than Zn reduces FeO and Cu,0. 


Reducing behaviour of carbon. When carbon reacts with dioxygen, three types of reactions are 
possible: 


acu + 022 2050 ii 
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C(s) + 0,(g) —> CO, (9) si) 
2C (s) + 0,(g) — 2C0 (g) Ail) 
2 CO (0) + O, (0) —> 2 C0, (0) .....(iii) 
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For reaction (i) the volume of CO, formed is almost equal to the volume of 0, consumed so AS does 
not change significantly and Ellingham plot is almost horizontal. For reaction (ii) the plot is downward 
and unlike other reactions, A,G^ value becomes more negative as temperature is increased. It is due 
to positive value of AS because here two volumes of CO are produced for one volume of O, consumed, 
thus AS is positive. The third reaction produces two volumes of CO, for every three volumes of 
reactants used. Thus, AS is -ve and hence A,G^ becomes increasingly +ve as the temperature 
increases. Consequently, CO, CO, plot slopes upwards. 





— Temperature 
Ellingham diagram showing the variation of 
AG" for three reactions 
C C0: C -> C0,; CO 5 со, 


The three lines cross at 983 K. Below this temperature, formation of CO, from C as well as from CO 
is energetically more favourable and above this temperature formation of CO from C is energetically 
more favourable. In other words, below 983 K, both C and CO can actas reducing agents but since CO 
can be more easily oxidised to CO, than C to CO,, therefore, below 983 K, CO is a more effective 
reducing agent than C. However, above 983 K, CO is more stable and hence its oxidation to CO, is less 
rapid than that of C to CO,. Therefore, above 983 К, C is a better reducing agent than CO. 


Effect of Temperature on the Free Energy Change (A,G°) of the overall reduction process 
We know that for any process, 
AG = AH — TAS 


oince on increasing the temperature, the values of AH and AS nearly remain constant, therefore, the 
value of д С° becomes more negative. This means that if a particular reduction process does not 
occur at a lower temperature, it may occur, at a higher temperature but for that we are to select the 
temperature in such a way that the A,G° of the overall redox reaction becomes -ve. In the Ellingham 
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diagram, this temperature is indicated by the intersection of the two curves (curve for formation of 
metal oxide and the curve for the oxidation of the reducing agent). For example, the temperature at 
the intersection point ‘A of the Al ———> Al,0, and Mg ———> MgO curves is approx. 1623 К. 
Therefore, below 1623 K, Mg can reduce Al,0, to Al but above 1623 K, Al can reduce MgO to Mg 


Theory of reduction process. 
Thermodynamics helps us to understand how coke reduces iron oxide to metal. One of the main 
reduction steps in the process is 

FeO (s) + C (s) ——— Fe (5/1) + СО (g) ......(i) 
This redox reaction can be divided into the following two half reactions one involving reduction and 
the other oxidation. 


Reduction: 


FeO (s) ——— Fe (s) + / 0, (g); AG 


(FeO, Fe) 
Oxidation: 


C(s) + % 0, (0) ——— С0(0); AG 


(C, CO) 
The net free energy change of these two combined reactions is 


AG, co) * AG о Fe) ^ AG 


Naturally, the resultant reaction, i.e., Eq. (i) will take place only when the AG is -ve. 


From the Ellingham diagram, it is evident that on increasing the temperature. the curve for the reaction 
Fe —— FeO (Fe, FeO line) goes upwards while that for the reaction, (С t——> СО (С, CO line) 
goes downwards. At approx. 1073 K or above, the C, CO line is much below the Fe, FeO line. This 
means that, AG. > AG, co and hence AG is -ve. In other words, at 1073 К or above coke will 
reduce Fe0 ———— Fe and itself will be oxidised to CO. 


In contrast, at temperatures below 1073 K, the CO, CO, line lies below Fe, FeO line. Therefore, below 


1073 K, CO reduces the oxides of iron (i.e., Fe,0,, Fe.O,, etc.) to metal. Thus, in the blast furnace, 


reduction of iron oxides takes place in different temperature ranges as summarised below: 
At 500-800 K (lower temperature range in the blast furnace) 

З Fe,0, + CO ———> 2 Fe,0, + CO, 

Fe,O, + 460 ———> 3Fe + 400, 
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Fe,O, + СО — —o 2 FeO + CO, 
At 900-1 500 K (higher temperature range in the blast furnace) 
C + СО, ——> 2 C0 


FeO + CO ——> Fe + CO, 


Reactions taking place in the furance. 


Near the bottom of the furnace (zone of combustion, 2170 K), coke first combines with air to form 
CO, which then combines with more coke (zone of heat absorption, 1425 K) to form CO. The CO 
thus produced acts as the reducing agent and reduces iron oxide to spongy iron near the top of the 
furnace (zone of reduction, 823 K) 


C + 0, ——— C0, ; AH = - 393.3 kJ (Exothermic) 


CO, + C —> 200; AH = + 163.2 kJ (Endothermic) 


Fe,0, + CO, ———5 2 FeO + CO, 


Fe,0, + CO ——> 3 FeO + CO, 


But the further reduction of FeO to Fe by CO occurs around 1123 K. 


FeO + CO — — Fe + CO, 


However, direct reduction of iron ores (haematite, magnetite etc.) left unreduced around 823 K, 
occurs completely to iron by carbon above 1123 К. 


Fe,0, + 3 C — 5 2 Fe + 3С0 


? Fe,0, +3 C ———> 4 Fe + 3 CO, 


Limestone which acts as flux, decomposes at 1123 K (zone of slag formation) to form CaO which then 
combines with silica to form slag 


1123K 


CaCO, ——— Ca0 + CO,; 
CaO + 510, ———9 Casi0, (slag) 


At the lower part of the furnace (zone of fusion, 1423-1673 K) the spongy iron melts and dissolves 
some carbon, S, Р, SiO,, Mn, etc. 
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The molten slag being less dense floats over the surface of the molten iron. The molten iron is 
tapped off from the furnace and is then solidified to give blocks of iron called Cast iron or Pig iron. 
solved Examples 
1) In view of the sign of A, G° following reactions: 
PbO, + Pb — 2Pb0; A,.G°< 0 
SnO, + Sn — 25n0; AG?» 0 


Which oxidation states are more characteristic for lead and tin? 


1) For lead +2, for tin +2 
2) For lead +4, for tin +4 
3) For lead +2, for tin +4 
4) For lead +4, for tin +2 


Hint: In the given question, in the first equation, A G° < 0 so that Pb** — Pb* or 
Pb% is more stable than Рр“. 


In the second equation, A G° > 0, non spontaneous reaction so that Sn** — Sn* or 
on is less stable than Sn**. Thus the correct option is (3). 


2) Which of the following metal is leached by cyanide process? 


1) Ag 
2) Al 
3) Na 
4) Cu 


Hint: Leaching by cyanide process is also known as Mac Arthur Forest Cyanide Process. 
It is used to concentrate Silver and Gold ore. The other metals mentioned are 
concentrated by other methods. Thus (1) is the correct option. 


3) Which of the following ore is best concentrated by froth floatation method? 
1) Magnetite 


2 Galena 


Сә 


) 
) Cassiterite 


4 Malachite 
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Hint: Froth floatation method is used for the concentration of sulphide ores. The 
formulae of the given ores are: 


Magnetite — Fe,0, 

Galena PbS 

Malachite — CuCQ,.Cu (ОН), 

Out of these ores, only Galena is a sulphide ore. Thus (2) is the correct option. 


During the process of electrolytic refining of copper some metals present as impurity 
Settle as amide mud. These are 


1) on and Ag 
2) Pb and Zn 
3) Ag and Au 
4) Fe and Ni 


Hint: The anode mud may have impurities like antimony, selenium, tellurium, silver, 
gold and platinum. The recovery of these elements may meet the cost of refining. 
Thus the correct option is (3). 


Heating Cu,O and Си,о will give: 


1  Cu+S0, 
2) Сиб + CuS 
3) Cu + S0, 
4) Cu,s0, 


Hint: The given reaction is used to recover copper from copper matte the copper 
obtained is called blister copper as when the metal solidifies, the dissolved sulphur 
dioxide escapes producing blisters on the metal surface. Thus (1) is the correct 
option. 


PRACTICE QUESTIONS 


1) 


Roasting process is applied to which of the following ores? 


a) Galena b) Iron pyrites 
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С) Copper glance d) All 

2) Which of the following metal can be extracted by smelting? 
a) Al b) Fe 
С) Mg d) All 

3) The chemical reagent used for leaching of gold and silver ores is 
a) sodium hydroxide й) potassium cyanide 
С) potassium cyanate d) sodium thiosulphate. 


4) The most abundant ore of iron is 


a) haematite D) limonite 
C) magnetite d) siderite. 
9) The chemical composition of ‘slag’ formed during smelting process in the extraction 
of copper is 
a) Си,О + Fes b) FeSi0, 
C) CuFes, d) Си,о + FeO 


6) The incorrect statement among the following is 
a) hydrogen is used to reduce NiO 
D) zirconium is refined by van Arkel method 
C) the sulphide ore galena is concentrated by froth floatation process 
d) in the metallurgy of iron flux used is SiO, 


Г) Which of the following is used іп thermite welding ? 


a) TiO, + 4Na —— Ti + 2Na,0 
b) 2Al + Fe,0, — —o AIO, + 2 Fe 
C) SnO, + 20 ——— Sn + 200 

d) ALO, + 2 Cr ——-> Cr,0, + 2 Al 
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10) 


11. 


12) 


13) 


14. 
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8) Zinc metal is refined by 
a) fractional crystallization й) fractional distillation 
С) electrolysis d) both by (b) and(c). 


The froth floatation process is based upon 
a) magnetic properties of gangue 


b) specific gravity of ore particles 

C) preferential wetting of ore particles by oil 

d) preferential wetting of gangue particles by oil 

in Goldschmidt aluminothermic process, reducing agent used is . 
a) coke й) Al powder 
С) Ма d) Ca 
Cupellation process is used in the metallurgy of 

a) Cu D) Ag 

C) Al d) Fe 

The method used for refining of iron is called 

a) bessemerisation й) electrolysis 
С) cupellation d) Liquation 


When copper pyrites is roasted in excess of air, a mixture of CuO + FeO is formed. 
FeO is present as impurities. This can be removed as slag during reduction of CuO. 
The flux added to form slag is 


a) 9iO,, which is an acidic flux 0) lime stone, which is a basic flux 
C) SiO,, which is a basic flux d) CaO, which is a basic flux. 

The most convenient method for the extraction of silver from silver glance is 
a. leaching D. hydrometallurgy 


C. smelting d. roasting 
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15. | Carbon cannot reduce Fe,O, to Fe at a temperature below 983 K because 
а. free energy change for the formation of CO is more negative than that of 
Fe,0, 
b. CO is thermodynamically more stable than Fe,0, 
С. carbon has higher affinity towards oxygen than iron 
d. iron has higher affinity towards oxygen than carbon 


From the Ellingham graphs on carbon, which of the following statements is false? 
a. CO, is more stable than CO at less than 983 K 

b. CO reduces Fe,0, to Fe at less than 983 К 

C. CO is less stable than CO, at more than 983 K 

d. CO reduces Fe,0, to Fe in the reduction zone of blast furnace. 
Which is incorrect statement? 

a. Below 1073 K, CO is more effective reducing agent 

b. At 1073 K, CO is more effective reducing agent than carbon 
C. Above 1073 K, coke is more effective reducing agent 

d. Above 1973 K, Mg can reduce SiO... 

Copper metal is refined by 

а. liquation D. cupellation 

C. bessemerisation d. poling 


The temperature of blast furnace to produce iron from its ore Fe,0, varies from 
500°C at the top of the furnace to about 1900°C at the bottom of the furnace. The 
reaction between the оге Fe,O, and CO at the lowest temperature (~ 500°C) is 


a. 3Fe,0, + СО ———o 2 Fe,0, + CO, 

р. Fe,O + СО —— —o 2 FeO + СО, 

с) Fe,0,+ ЗСО ——> 2Fe + 3 CO, 

d) Fe,0, + CO + CaCO, ——— Fe,0, + CO + СО, + Саб. 
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20) 


21) 


22) 


23) 


24) 


Which of the following factors is of no significance for roasting sulphide ores to the 
oxides and not subjecting the sulphide ores to carbon reduction directly? 

a) CO, is more volatile than CS, 
b) Metal sulphides are thermodynamicaliy more stable than CS, 
С) CO, is thermodynamically more stable man CS, 

d) Metal sulphides are less stable than the corresponding oxides. 


The process of extracting metals by electrolysis of their oxides; hydroxides or 
chlorides in the fused state is called 


a) electrometallurgy й) electro-refining 
С) zone-refining d) hydrometallurgy. 


According to Ellingham diagram, the oxidation reaction of carbon to carbon monoxide 
may be used to reduce which one of the following oxides at the lowest temperature? 


a) Al,0, D) Cu,0 
С) MgO d) ZnO 
The reduction of zinc oxide with coke occurs at temperature. 
a) greater than that for CuO 
b) less than that for CuO 

С) less than that for Ag,O 
d) equal to that for CuO 


AG? vs T plot in the Ellingham's diagram slopes downward for the reaction 


a) Mg + 12 0, ——> MgO 
b) 2Ag + ¥2 О, ——> Ag,0 
C) C+ %0,——> CO 

d) CO + %0,—> CO, 
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UNIT 7 
The P-Block Elements 


Learning Outcomes 
The learners would be enabled to 


e infer the trends in the chemistry of elements of groups 15-18 


discuss the preparation, properties and uses of nitrogen and phosphorus and some other 
useful compounds 


discuss the preparation, properties and uses of dioxygen, ozone, chlorine and hydrochloric 
acid 


infer the allotropic forms of sulphur, chemistry of its important compounds and structures 
of its oxoacids 


e infer the chemistry of interhalogens and their oxoacids 
e {һе uses of noble gases 


General principles of inorganic chemistry 
Trends in the Periodic Table 


Shells upto (n-1) are completely filled and differentiating electron (last filling electron) enters into 
np sub-shell —— elements constitute what we call p—block elements. 


General electronic configuration is ns?np'® (n varies from 2 to 7) 





(24 0) ‘ZN 10] 1da2x2) 


x, y, z (upto group 14) 


where 

x : covalent/van der Waals' radius 
y: metallic character 

z: heat of sublimation 

p: electronegativity 


q: ionisation energy (N » O, P » S) 
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r: Oxidising power 

s: Stability of higher oxidation state within a group, 

t: stability of lower oxidation state within a group 

Trends in Properties of p-Block Elements in the direction of arrow 


The highest oxidation state = (group number- 10). Stability of this oxidation state (0.5.) decreases 
and that of [(0.5.) - 2] state increases as we move down the group-a case of inert pair effect. 


Oxidation states 


On descending the group, a lower oxidation state which is two units less than the highest oxidation 
state becomes more stable in groups 13 to 16. This trend is due to inert pair effect. For example, the 
highest oxidation state for the elements of group 13 is + 3. However, in addition to + 3 oxidation state, 
these elements also show + 1 oxidation state which becomes more stable on moving down the 
group. In fact, for the last element, thallium, + 1 oxidation state is more stable than + 3. Similarly, for 
group 14, the group oxidation state is + 4, but + 2 oxidation state becomes more and more stable 
on going down the group. For example, the last element, lead + 2 oxidation state is more stable than 
+4 oxidation state. 


This trend of occurrence of oxidation state two units less than the group oxidation state is called 
inert pair effect and becomes more and more prominent as we move down the group. 


The common oxidation states displayed-by the p-block elements are given in Table |. 
Metallic and non-metallic character 


The p-block contains metallic and non-metallic elements. It is very interesting to note that the non- 
metals and metalloids exist only in the p-block of the periodic table. The non-metallic character 
increases along a period but decreases down a group. In fact the heaviest element in each p-block 
group is the most metallic in nature. Therefore, the elements with most metallic character are located 
mostly in the lower left portion while those with most non-metallic character are present at the top 
right portion of the periodic table. In between these, there are some elements which show characteristics 
of both metals and non-metals and are called metalloids. The common metalloids in p-block elements 
are B, Al, Si, Ge, As, Sb, Te, Po, At. This change from non-metallic to metallic brings significant 
diversity in the chemistry of these elements. 


In general, non-metals have higher ionization enthalpies and higher electronegativities than metals. 
Therefore, in contrast to metals which readily form cations, non-metals readily form anions. The 
compounds formed by combination of highly reactive non-metals, with highly reactive metals are 
generally ionic in nature because of large differences in their electronegativities. On the other hand, 
compounds formed between non-metals themselves are largely covalent in character because of 
small differences in their electronegativities. It can be understood in terms of their oxides. The oxides 
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of non-metals are acidic or neutral whereas oxides of metals are basic in nature. The oxides of 
metalloids are amphoteric. Further more, the more electropositive the metal, the more basic Is its 
oxide and the more electronegative the non-metal, the more acidic is its oxide. Therefore, in p-block 
elements, acidic character of the oxides increases or basic character decreases along a period. 
similarly, the basic character of the oxides increases or acidic character decreases down the group. 


Table 1. Common oxidation state of p-block elements 


= (ow |. [3 | »[ 7 [5 
8 


17 
General electronic ns*np' ns^np* ns^np? ns*np* ns^np? ns^np? 
Configuration 
+/ 
F 
-1 


Group oxidation +3 +4 +5 +6 + 
state 
B C N 0 


Various oxidation +3 +4, —4 +5 to —3 — 1, —2 
States Al Si P As 5, бе, Те| Cl, Br, | Kr 
+3 +4 +3, +5, -3 —2, +2, | —1, +1, +3 | +2, +4 


+4, +6 | +5, +7 Xe 
Ga, In, TI | Ge, Sn, Pb| Sb, Bi +2, +4, 
+3, +1 +4, +2 +3, +5 +6, +8 





Differences in behaviour of first element of each group 


The first member of each group of p-block differs in many respects from its succeeding members 
(called congeners) of their respective groups. For example, boron shows anomalous behaviour as 
compared to rest of the members of the 13 group elements. The main reasons for the different behaviour 
of the first member as compared to other members is because of: 


i) small size of the atom and its ion 
ii) high electronegativity and 
iii) absence of d-orbitals in their valence shell 


These factors have significant effect on the chemistry of first element as compared to other elements 
(specially second). For example 
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a) 


Covalence upto four. First member of each group belongs to second period elements and 
have only four valence orbitals i.e., one 2s and three 2p orbitals available for taking part in 
chemical combinations. They do not have vacant d-orbitals in their valence shell. Therefore, 
they may have maximum covalence of four (using one 2s and three 2p orbitals). In contrast, 
the next members belonging to third or higher periods have vacant d-orbitals. For example, 
the elements of third period of p-block with the electronic configuration 3s? 3p'* has vacant 
3d-orbitals lying between 3p and 4s energy sub-shells. Therefore, they can easily expand 
their octets and can show covalence above four. For example, 


) 


Boron forms only BF, (coordination number four) whereas aluminium forms AIF? 
(coordination number six). 


Carbon can form only tetrahalides (CX,, X = F, Cl, Br, 1) whereas other members can form 
hexahalides, 


SF,, SICI,* etc. 
Nitrogen forms only NF, (upto octet) while phosphorus forms pentahalides, PF., PCI. 
etc. 


Fluorine does not form FCI, (more than octet) while chlorine forms CIF, (extends octet). 


Reactivity. Due to availability of d-orbitlals of elements of third period, they are more 
reactive than elements of second period which do not have d-orbitals. For example, 
tetrahalides of carbon are not hydrolysed by water whereas tetrahalides of other elements 
of group 14 are readily hydrolysed. The hydrolysis involves the nucleophilic attack of 
water molecule. 


Tendency to form multiple bonds. Because of the combined effect of smaller size and 
nonavailability of d-orbitals, the first member of each group shows tendency to form 
px -pr multiple bonds either with itself (such as C = C, = C, N = N, O = 0) or with 
other members of the second period of elements (such C = 0, C = №, N = О, etc). The 
other members of the group do not have strong tendency to form л - bonding. The heavier 
elements do form x -bonding but they involve d- orbitals and form dr –рл or dr - dr 
bonding. For example, the bonds between sulphur and oxygen in oxides of sulphur (SO, 
and 50.) are much shorter than might be expected for a single bond. In these molecules, 
in addition to normal x bond, a x bond is also formed by the sidewise overlap of a filled 
2p-orbital of oxygen with a vacant 3d-orbital on the sulphur). This is called px - dx bond 
and results in bringing the two atoms closer and thus accounts for shorter bond length 
of S-O bond. 
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dx-px Bond 






Vacant d-orbital | Filled 2p-orbital 


Because the d-orbitals are of higher energy than p-orbitals, they contribute less to the overall 
stability of molecules than does the px -px bonding of second row elements. However, the 
coordination number in species of heavier elements may be higher in those of first element in the 
same oxidation state. For example, both nitrogen and phosphorus form ions in + 5 oxidation state 
as NO,- (three coordination with bonding using one p-orbital of N) ; PO,® (having four coordination 
using s, p and d orbitals contributing to the x -bonding). 


The first member of 13 group (boron) shows diagonal relationship with silicon (of group 14). 
P-Block 
Group 15- 


The elements of nitrogen family i.e. group 15 of the periodic table are: nitrogen(N), phosphorus(P), 
arsenic (As), antimony (Sb) and bismuth (Bi) 


General configuration-ns?np? 


The elements of group15 show a tendency to form bonds itself (catenation). 
се ME 
М=М= №: (Azide ion М) 


Group 15 elements exhibit oxidation states —3 to +5. On moving down the group, the stability of +5 
oxidation state decreases while that of +3 oxidation state increases due to inert pair effect. The tendency 
to exhibit —3 oxidation state decreases on moving down from P to Bi. 


The maximum covalency of nitrogen is restricted to four because it does not have vacant d-orbitals in 
the outermost valence shell. Nitrogen molecule has low reactivity because it has a triple bond which 
has a very high bond enthalpy. 


Due to absence of d-orbitals, nitrogen cannot form px-dz bonds while heavier elements can do so. 
Phosphorus and arsenic can also form dz-dz bonds with transition elements where their compounds 
can act as ligands. 
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All the elements of group 15 form hydrides. Ammonia is the most important trihydride prepared by 
Haber's process. Phosphine and hydrides of other heavier elements of the family are highly poisonous. 
All these hydrides are covalent in nature and have pyramidal shape. 


1) 


2) 


3) 


Trends in properties (Physical state) 
a) N, isa gas; P, is a solid 


Nitrogen being small, can form рл - px multiple bonds N = N. it exists in the form of N, 
molecule. P can't make px-pz multiple bond due to its larger size. So, it exists in the P, 
molecule. 


JN White phosphorus in: Soluble in 
very weak vanderwaals forces exist CCl, 


Р Р: between the discrete particles 
“ГА 


Р, — white — waxy solid, P, -Red — Hard solid 


Red (P,) — Polymeric chain 


JIN 
—4 | 4 N No High melting point, Insoluble in CS,. 
МИ mni 


Increases down the group due to addition of an extra shell at each succeeding element. 


Atomic size 


lonization Enthalpy — very high 


i) 15th group elements have higher I.E. than 16th group of elements since their electronic 
configuration is ns* np?. (half filled) 


ii) decreases down the group 
Electron Gain Enthalpy P > As > Sb > Bi > М 


N has positive electron gain enthalpy due to small size, inter electronic addition of an extra e- 
is not energetically favourable. 
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HYDRIDES 
NH, PH, AsH, SbH, BiH, 


1) 


Oxides 


Bond angles. 
NH, > PH, > ASH, > SDH, > ВІН, 


Down the group, electronegativity of central atom decreases. This causes decrease in the 
bond angle. 


Boiling point 

PH, < ASH, < NH, « SbH, < BiH, 

intermolecular H - bonding . 

Basic nature 

Basic nature depends on the availability of lone pair of electrons. 
NH, > PH, > ASH, > SDH, > ВІН, 


Size of central atom increases and the availability of Ip of e- for protonation decreases. So, the 
basic nature decreases. 


Reducing nature 
NH, < PH, < ASH, < SDH, < ВІН, 


size of central atom increases and the thermal stability decreases. Ease of availability of 
hydrogen increases. 


Ammonia forms hydrogen bonding with water molecules, therefore it is soluble in water, 
while other hydrides are insoluble in water. 


The oxides in the higher oxidation state of elements are more acidic than that of the oxides in the 
lower oxidation state. 
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A) Oxide of Nitrogen 

a) N,O — Laughing gas (Nitrous oxide) 

N =N > О: 

Prepared by the action of any lighter metal with very dil. HNO, 

45n(s) + 10HNO, — 45n(NO,), + 5H,0 + N,O 
b) NO Nitric oxide 
N = 0 €» N = 0: 
Prepared by the action of dil. HNO, on a heavier metal on heating. 


3Cu(s) + ВНМО, —— 3Cu(NO,), + 4Н,0 + 2NO 


c) N,O, Dinitrogen tetroxide 


PO 
2HNO, ——-— №,0, (anhydride of HNO,) + H,O 


N aa 
oN, 


d) NO, Nitrogen dioxide 


\ 
oF Nw. 


Odd e- gets excited in the visible region-Reddish Brown colour — Paramagnetic 
Any metal+ hot & con. HNO, — NO, 


Cu(s) + 4HNO, — Cu(NO.), + 2H,0 + 2NO, 


hot & conc. 
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e) NO, (dimer of NO,) — dinitrogen tetraoxide 


0 0 
Ў 7 
Á/OCN 
0 0 
anhydride of HNO, & HNO, 
f) N,O, — Dinitrogen pentoxide 
2HNO, ———» №0, + H,0 


(conc.) 


Anhydride of HNO, 


0 0 
NN 
eo 
0 0 
N,O NO №,0, NO,, М.О, №,0, 
Neutral Slightly acidic strongly acidic 
+1 +2 +3 +4 +9 


B) Oxides of phosphorus 
Phosphorus trioxide Р,О, or P,0, 


A 
P, + 30, ——— Р.О, 
white Limited 


PO, + 6H,0 — 4H,PO, 


Orthophosphorus acid 


Phosphorus pentoxide 


+50, — P,0,, 

excess 
i) P,0,,+6H,O — 4H,PO, 
Orthophosphoric acid 


li) P,0,, = dehydrating agent 


P 


P.O 
2 HNO, ——— №,0, + Н,0 
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HALIDES 
A) Halides of N 


NF 


NF, is an endothermic species N — F bond is stable due to inter electronic repulsion. 


3 


NF, does not get hydrolysed; but NCI, gets hydrolysed : 

In NF,, both № & F do not have vacant ‘d’ orbitals to receive electrons from water molecules. 
NCI, + H,O — NH, + HOCI 

Nitrogen does not form a pentahalide whereas PCI, exists. 


In PCI." —> P — undergoes sp*d hybridisation, but in ‘N’ there is no vacant ‘d’ orbital. 


Maximum covalency of ‘N’ is 4. 
B) Halides of P 


Trihalides of phosphorous 

PF., PCI., РВг,, Pl, does not exist 

Penthalides of phosphorous 

PCI, — sp?d 

axial bonds are longer than the equatorial bonds due to bp-bp repulsions. 
PCI, fumes in moist air 

PCI. + НОН — HCI + POCI, 


White fumes 

PCI, is a covalent compound but in solid state it conducts electricity 
PCI, in solid state dimerises as follows 
PCI, + PCI, = [PCI,] [PCI] 
Reactions of PCI, 

PCI, + 4H,O — 5HCI + Н.РО, (on complete hydrolysis) 
PCI, is good chlorinating agent. 

PCI. + Zn — PCI, + ZnCl, 

CH,CH,OH + PCI, — CH,CH,Cl + POCI, 
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см 
2) Acidic strength oc ~-e entra atom ы 
3) Acidic strength oc the E.N of central atom 


A) Oxo-Acids of nitrogen 


Nitrous acid and nitric acid are two main oxoacids of Nitrogen. Nitrous acid (HNO,) is unstable and 
occurs only in aqueous solution. It acts as oxidizing and reducing agent and possesses complex 
forming ability, Nitric acid (HNO.) forms a part of aqua regia and acts as a strong oxidizing agent. It is 
manufactured by Ostwald's process. 


Nitrous acid HNO, 

H-0-N-0 

Prepared by the action of any nitrite with dil. H,50, or dil HCI 
NaNO, + H,50, — HNO, + NaHS0, 

HNO, — Not stable 


On standing it disproportionates 


3HNO, — HNO, + 2NO + H,O 
+3 +5 +2 


Test of NO, (reducing agent) 
Мпо, + NO, + H* > Mn* + NO, + H,O 


Colourless 
Сг,0, + NO, + Н" > CP* + NO, + H,O 
orange Green 


Nitric acid (HNO.) 
Prepared by the action of hot & conc. H,SO, on a nitrate salt. 
NaNO, + Н,50, — NaHSO, + HNO, 


hot & cone. 
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III) 


Commercial method. 


Ostwald’s method 
ANH, + 50, — — 4NO + 6H,0 
2NO + 0, > 2NO, 
2NO, + H,O — HNO, + HNO, 
Specific reactions of HNO, 
Aqua regia mix of [conc. НСІ] & [Conc. HNO,] in the ratio 3 : | 
It dissolves Au, Pt, etc. 
3 HCI + HNO, — 2H,0 + NOCI + 2[Cl] 
Au + 3[Cl] — AuCl, 
AuCl, + HCI — H[AuCI,] 


chloroauric acid 


Pt + 4[CI] — РІСІ, 
PtCI, + 2НСІ — H,[PICI,] 


chloroplatinic acid 
HNO, is a good oxidising agent 
P, + 20HNO, — 4H,PO, + 20NO, + 4H,0 
S, + 48HNO, — 8Н,50, + 48NO, + 16H,0 
C + 4HNO, — CO, + 4NO, + 2H,0 


On metals 
i) Lighter metal + v.dil. HNO, — N,O 


45n + 10HNO, — 4Sn(NO.), + 5H,0 + №0 
li) Lighter metal + conc. HNO, (hot) — NO, 

Zn + 4HNO, — Zn(NO,), + 2H,0 + 2NO, 
iii) Heavier metal + Conc. HNO, (hot) — NO, 

Cu + 4HNO, — Cu(NO,), + 2H,0 + 2NO, 
iv) Heavier metal + dil HNO, — NO 

3Cu + 8HNO, — 3Cu(NO,), + 4H,0 + 2NO 
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Test for NO, ion 

Brown ring test 

Salt + freshly prepared FeSO, + Conc. Н,50, — Reddish brown 
NO, + Fe? Ке” + NO 

Fe% + 5H,0 + NO — [Fe(H,0).NO]* 


(brown complex) 


From ‘NO’ 1e- undergoes a transfer to Fe** & this electronic transition causes the brown colour. 


B) 


Oxoacids of Phosphorus 


All the oxoacids have phosphorus atom or atoms bonded tetrahedrally to four other atoms or 
groups. 


These atoms contain at least one P = O unit and one P-OH group. The P-OH group is ionisable 
giving a proton. The number of P-OH groups determines the basicity of the oxoacid. 


Acids which contain P—H bonds have strong reducing properties. 


Hypophosphorus or Phosphinic acid (H,PQ,); Monobasic and reducing agent 
Orthophosphorus acid (H,PO.): Dibasic and reducing agent. 


Orthophosphoric acid (H,PO,): Weak tribasic acid 
H,PO, a good reducing agent, 

HPO, + 4AgNO, + 2H,0 — H,PO, + 4HNO, + 4Ag У 
H.PO, on heating — disproportionation 

4H,PO, — PH, + 3H,PO, 

+3 —3 +9 


Oxoacids of phosphorus are 


Н.РО, (Hypophosphorus acid) : Reducing agent and monobasic 

H.PO, (Orthophosphorus acid) : Reducing agent and dibasic 

H,PO, (Orthophosphoric acid) : Weak tribasic acid 

H,P,0, (Pyrophosphoric acid) : It is obtained by heating to 220°C. It is tetrabasic. 


(Metaphosphoric acid) : It is formed by the dehydration of H,PO, at 316°C. Also exists as а 
trimer and is monobasic. 
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vi) H,P,0, (Hypophosphoric acid) : Tetrabasic 


vii) H,P,0, (Pyrophosphorous acid) : Dibasic acid 


INDIVIDUAL MEMBERS 
e  Dinitrogen (N,) 
1) By heating (NH,),Cr,0_ 
(NH,),Cr,0, —-—> Cr,0, + 49,0 + N 
2) By the action of water (or) dil acid on metal azides. 


2 


A 
2 NaN, ———» 6Na + №, 
Purest М, sample 


A 
3) NH,NO,——- 2H,0 + №, 
e Ammonia 


1) Lab. preparation 


Any ammonium salt + NaOH ——» NH, 


heat 


NH,CI + Маон ——> NaCl + H,O + NH, 


2) Haber's process 
Conditions — Acc. To Le-Chatelier's principle 
i) High pressure 
ii) Low temperature (an optimum temp of 723 K to be maintained) 
iii) Iron oxide catalyst with K,O and AI,O. promoter 


Other methods of preparations 
AIN + 3H,0 — АІ(ОН), + NH, 
NH,CONH, + 2Na0H — Na, CO, + 2NH, 


urea 


CaCl, + 8NH, — CaCl, . 8NH, 


(Addition product) 
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Chemical properties of NH, 
8NH, + 3Cl, > N, + 6NH,CI 


(excess) 
NH, + ЗО, — NCI, + 3HCI 
(excess) 
575 K 
2Na + NH, ——> 2NaNH, + Н, 


(sodamide) 


2NH, + СО, — [NH,COONH,] — NH,CONH, + H,O 


(ammonium carbonate) (urea) 
¢ PH, 
Action of hot & conc. NaOH on P, (white) 
P, + 3NaO0H + 3H,0 — PH, + 3NaH,PO, 


hot & conc. 


Action of H,O on Ca.P, 
CaP, + 3H,0 — 3Ca(0H), + 2PH, 
Solved Problems 
1) The number of hydrogen atoms attached to phosphorus atom in hypophosporus acid is 
1) zero 


) one 
) two 


I w N 


three 
Ans: two 
Hint: Structure of hypophosphorus acid: 


Н---. напр 


Zw. 


It can be seen clearly in the structure that two atoms of hydrogen are attached to Phosphorus atom. 
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2) The decreasing order of bond angles from NH, to SbH, down the group 15 of the periodic 
table is due to 


1) increasing p character in sp? 2) decreasing Ip-bp repulsion 
3) decreasing electronegativity 4) increasing bp-bp repulsion 
Ans: 3 


Hint: As we move down the group, the size of the central atom goes on increasing and its 
electronegativity goes on decreasing. As a result, the bond pairs of electrons tend to lie away and 
away from the central atom as we move from NH, to SbH.. 
3) Which of the following statements is wrong? 
1) The stability of hydrides increases from NH, їо ВІН, in group 15 of the periodic table. 
) Nitrogen cannot form pr-dr bond. 
) Single N-N bond is weaker than the single P-P bond. 
) M, has two resonance structures. [AIEEE, 2011] 


I боо N 


Answer: (1) 
Hint: Statement 1 is wrong because as we move from NH, to BiH, the size of the central atom 
increases and therefore, its tendency to form stable covalent bond with small hydrogen atom 
decreases. Thus М-Н bond strength decreases and therefore stability decreases. 

PRACTICE QUESTIONS 


1 The number of P-O-P bonds in cyclic metaphosphoric acid is 


d) zero b) two 
c) three d) four 
2) Ammonia can be dried by 
a) conc. Н,50, b) P0, 
с) Саб d) anhydrous CaCl, 


3) Polyphosphates are used as water softening agents because they 
a) form soluble complexes with anionic species 


b) precipitate anionic species 
c) form soluble complexes with cationic species 
d) precipitate cationic species 
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4) The bonds present in №0, are 
a) only ionic b) covalent and coordinate 
с) only covalent d) covalent and ionic 
9) Which one of the following is the strongest base? 
a) AsH, b) NH, 
c) PH, d) SbH, 
6) Which of the following oxides of nitrogen is a coloured gas? 
a) NO b) NO 
c) №0, d) NO, 
г) Amongst the trihalides of nitrogen, which one is least basic? 
a) NF, b) МО, 
c) NBr, d) NI. 
8) The reaction of P, with X leads selectively to P,O.. The X, is 
a) dryO, b) amixture of O, and N, 
c) moist O, d) O,inthe presence of aqueous NaOH 
9) Extra pure N, can be obtained by heating 
a) NH, with СиО b) NH,NO, 
c) (МН,),Сг,0, d) Ba(N.,), 
10) Which ordering of compounds is according to the decreasing order of the oxidation state of 
nitrogen? . 
a) HNO., NO, NH,CI, N, b) HNO,, NO, N,, NH,CI 
c) HNO,, NH,CI, NO, N, d) NO, HNO,, NH,UI, М, 
Answers 


pot} ©] 8.519. 
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Group 16 elements 


The elements oxygen (О), Sulphur (S), Sellenium (Se), Tellurium (Te) and Po (Polonium) are members 
of group 16 (Chalcogens). The general valence shell electronic configuration of these elements is 
ns?np?^. 


All the elements of this group show allotropy. Oxygen exists in two forms, О, and O,. Sulphur exist 
in several non metallic forms i.e. Rhombic, Monoclinic and Plastic sulphur. 


The oxidation state of oxygen is —2 in most compounds (except peroxides) and the tendency of 
these elements to show —2 oxidation state decreases down the group. 


Oxygen does not show positive oxidation state except in OF,. The other elements show oxidation 
States +2, +4, +6. Oxidation state decreases due to inert pair effect. 


GENERAL TRENDS IN PHYSICAL PROPERTIES 
1) Size increase on moving down the group and ionization enthalpy decreases. 
2) Electron gain enthalpy 
S > Se > Te > Ро> 0 


‘©’ has largest — E.G.E. value because oxygen has lower E.G.E due its small size and inter 
electronic repulsion. 


3) Electronegativity 
О > S > бе > Te > Po (regular trend) 
4) Catenation property 
This property is maximum with ‘S’. 
9) The stability of +6 state decreases and +4 increases due to the inert pair effect. 
Chemical Properties 
Hydrides: 


All the elements of group 16 from hydrides of the general formula H,E where E is the element 
belonging to group 16. Following are some of the characteristics of these hydrides: 


H,O, H,S, H,Se, H,Te 
a) Boiling point 
H,S < H,Se < H,Te < H,O 
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b) Bond angles 


Н,0 > H,S > H,Se > H,Te 
с) Acidic strength or reducing nature 
Н,Те > H,Se > H5 > HO 


Oxides : These elements form monoxides (MO), dioxides (MO,). Ozone (О„) and sulphur dioxide 
(S0,) are gases while selenium dioxide (SeO,) is solid. Reducing property of dioxide decreases from 
SO, to TeO,; SO, is reducing while TeO, is an oxidizing agent. Besides MO, type oxides sulphur, 
selenium and tellurium also form MO, type oxides (SO., Se0,, TeO.). Both types of oxides are acidic 
in nature. Increasing order of acidic nature of oxides is TeO, < SeO, < SO, 


Oxo-acids of sulphur 


1) Sulphurous acid series 


a) 


С) 


2) Sulphuric acid series 


a) 


H,S0, 5 (IV) sulphurous acid 


H,9,0, o(V) disulphurous acid or 


S (111) pyrosulpurous acid 


H,9,0, S(T) dithionous acid 


H,S0, o(VI) sulphuric acid 


S(IV 
H,S,0 "n 


0295 M3 thiosulphuric acid 


H,S,0, 5 (МЇ) pyrosulphuric acid 
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3. 


Peroxo acid series 
a) H,S0, S(VI) peroxomonosulphuric 


acid 


| 
HQ—S-—-O-—OH 
(Caro's acid) || 
D) H,S,0, o(VI) peroxodisulphuric acid 
(Marshall’s acid) I | 
HO—*--O—O—S—OH 
o 8 


OXIDES OF SULPHUR 
SO, (anhydride of H,S0.) 
S0, (anhydride of H,S0,) 


SO, is produced in large scale 


S + 0,5 90, 

2H,S + 30, > 3H,0 + 250, 

2/n$ + 30,  2Zn0 + 250, 

Properties of 50, 

As a reducing agent (with Cr,0_*) 
Cr,0.* + 14H* + 6e- — 2Cr** + 7H,0 
90, + 2H,0 50, + AH* + 267 

It reduces MnO, іп acid medium. 
MnO, + 16H* + Se- ^ Mn* + 8H,0 
90, + 2H,0 > 80,° + 4H + 2e 

Properties of 50, 


saturated with Н,50, is called oleum. 


H,SO, + SO, > Н,5,0, 
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At room temperature SO, is a solid. 
* HO, 
H,S0, is manufactured by the Contact process. 


V,0; 
290, + 0, ИИН 250, + AH 


90, + H,$0, > H,8,0_ 
H,9,0, + H,O 20,50, 
H,SO, is an oxidizing agent 
00,2 + 4H* + 2e $0, + 2H,0 


Cu + 2H,50, 2, Си50, + SO, + 2H,0 
S + 2Н,50, > 2H,0 + 350, 

2HBr + Н,50, — Br, + SO, + 2Н,0 

C + 2Н,50, > CO, + 2H,0 


H,SO, is a dehydrating agent. 


Conc. Н,50, 
— — > 6H,0 + 6C 


Conc. Н,50, 
C, H,,0,, — ——9 11H,0 + 12C 


12 22711 


C.H,,0 


6 1276 


HALIDES 


The elements of group 16 form a number of monohalides, dihalides, tetrahalides and hexahalides. 
Whereas SF, is trigonal bipyramidal. Further, SF, acts as a Lewis base and easily undergoes hydrolysis 
but SF, does not undergo hydrolysis. Since it is sterically protected by 6 fluorine atoms. 


Individual members 
e Dioxygen (0,) 
Preparation of dioxygen 
a) By the decomposition of oxygen rich compounds 
2 KMnO, > K,MnO, + MnO, + O, 


2 KCIO, = 2KCI + 30, 
2KNO, — 2KNO, + 0, 
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b) By heating peroxides & higher oxides 
2Hg0 > 2Hg + 0, 
2Ag,0 —— 4Ag + 0, 
3 Mn0, —> Mn,0, + 0, 
2 Pb,0, > 6PbO + 0, 
2 Pb,0, —> 6PbO + 0, 


2 Bad, => 2Ba0 + 0, 
Laboratory preparation of dioxygen 
i) 2Na,0, + 2H,0 — 4NaOH +0, 
li) 2KMnO, + 3H,S0, 5 K,S0, + 2 MnSO, + 3H,0 + 5[0] 
iii) 2KMnO, + 5Na,0, + 8H,S0, > K,S0, + 5Na,50, + 2Мп50, + 8H,0 + 50, 
e Ozone 
1) Natural formation 
uv - rays 


30, === 20, 


2) Preparation of ozone 


A 20, AH = + 284.5kJ/mol 


я discharge 


Chemical properties of 0, 
1) Decomposition Юю 30, 
2) Ozone is ап oxidising agent 
0, э 0, + 0 
some examples 
PbS + 40, —> PbSO, + 40, 
2HCI + 0, > H,0 + Cl, + O, 
KNO, + 0, > KNO, + O, 
2FeS0, + Н,50, + 0, — Fe,(S0,), + H,O + 0, 
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Detection of Ozone 


The sample of air containing ozone is treated with excess of КІ gy: The formed 1, is 
volumetrically titrated with Na,s,0,. From the volume of Na,S,0,, О, present in the sample 
of air can be detected. 


solved questions 


1) Which form of sulphur show paramagnetism? 


а) 9, 0) 5, 
с) 5, 0) попе of these 
Answer : с 


Hint: In vapour state sulphur partly exists as 5, molecules which has 2 unpaired electrons іп the 
antibonding х“ orbitals like О, and hence exhibits paramagnetism. 


2) Which of the following is liquid? 


a) #5 b) Hse 
c) H,Te d) H,O 
Answer: d 


The electronegativity difference is maximum in case of Н & O thus H-bonding takes place between 
the molecules hence making water a liquid. 


PRACTICE QUESTIONS 


1) There is no S-S bond is 
а) 5,0, b 5,0, 
c) 5,0, d) 5,02 

2) Тһе correct order of acidic strength is 
a) CL0,» SO, > P,0,, b) СО, > №0, > 50, 
c) М№,0 > MgO > ALO, d) K,O > Сао > MgO 

3) Amongst H,O, H,S, H,Se and Н, Те, the one with the highest boiling point is 
a) H,O because of hydrogen bonding 

b) H,Te because of higher molecular weight 

) H,8 because of hydrogen bonding 

) H,5e because of lower lower molecular Weight 


(ap) 


d 
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4) 


Aqueous solution of Na,s,0, on reaction with Cl, gives 


a) Na,5,0, b) NaHSO, 
c) Natl d) NaOH 
The number of S—S bonds in sulphur trioxide trimer, (5,0,) is 
a) three b) two 

с) one d) zero 


Which of the following is not oxidised by 0,? 


a) Kl b) FeSO, 
c) KMnO, d) K,Mn0, 
Identify, the correct order of acidic strength of CO,, CuO, CaO, H,O 
a) Саб < CuO < H,O < CO, b) H,O < CuO < Саб < CO, 
b) Саб < H,O < Сиб < CO, d) H,O < CO, < Ca0 < Сиб 
Identify, the correct order of solubility of Na,S, CuS and ZnS in aqueous medium 
а) CuS > ZnS > Na,S b) ZnS > Na,S > CuS 
c) Nas > CuS > ZnS d)  Na,S > ZnS > CuS 
Which of the following has —O—O— linkage? 
a) H,5,0, b) Н,5,0, 
с) Н,5,0, d) Н,5,0, 

10) A gas that cannot be collected over water is 
a) М, р) O, 
с) 50, d) PH, 
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Group 17 elements 


Fluorine (F), Chlorine (Cl), Bromine (Br), lodine (1) and Astatine (At) are members of halogen 
family (Group 17). The general valence shell electronic configuration of these elements is 
ns^np*. They all are nonmetallic and are collectively known as halogens. 


e Trends in Properties 


1) Physical state 
F (FE) Gas-Smaller in size 
CI (CL) | Weak VWF — Weak Vanderwaal’s forces 
Вг (Вг,) | Liquid 
(0) 
At oolid-Larger in size. So, greater are the Vanderwaal's forces and hence 
it is a solid. 
2) Electronic configutation 
ns*, np? (ns* np’, пру, np’) 
Largest negative E.GE. 
3) lonization enthalpy (Endothermic) AH = +ve 
Halogens have very high |. E values. They need just one electron for stable configuration. 
Removal of an electron is energetically favourable. 
|. E 
decreases 
[as the size of atom increase] 
Е> С1> Вг> 1 
lodine because of low |. Е. it forms lonic corrpounds 
[I]** [PO,J*- 


4) Electron gain enthalpy [Exothermic] AH = -ve 
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9) 


Halogens have very large negative E.G E value; as they need just one e- for stable configuration. 
CI > F > Br > | 
Largest — small in size 
negative Inter electronic repulsion 
E.G.E Addition of an extra electron is not energetically favourable 


Halogens are good oxidising agents 


They have ns*, np? configuration. They need just one e- for stable configuration They tend to 
give an e and reduce. 


“Е” has less negative Е. G. E than “СІ” despite F, is the strongest oxidising agent. Why? 


X, > X+X Bond dissociation energy 
X+@ > X- E.GE 
X+aqg o X- (ад) Hydration energy 


e Fis smallest, it has maximum hydration energy. 
e Order of Bond Dissociation energy 

Cl, > Br, > Р, >I, 

F — small size; 

Inter electronic repulsion, So, "F-F" bond is relatively weaker. 
These two factors overcome E. G. E 


Halogens are coloured 

F, — greenish yellow 

C1, — pale green 

Br, — reddish brown 

|, — violet 

Halogens — ns’, пр“, пру, пр, 

[пр, e- gets excited іп visible reason] 

In halogen molecules, the e gets excited from the lower molecular orbital within the visible 


region. In case of I, the size of atom is large. So, electrons absorb energy from lower energy 
region. So, the complementary colour is emitted. 
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7)  Electronegativity 


|) 
ii 


ii) 


F 
Cl E. N. 
Br | decreases 
| 
Halogens Alkali metals 
F, Li | | 
Cl, Reactivity Na Reactivity 
BI, | decreases : Increases 
l Rb 

OS 4 


As the size, of atom increases, 
the |. E decreases. So, the reactivity increases 


Electronegativity — F > Cl > Br» | 

Electron gain enthalpy CI >F » Br >| 

Large negative electron gain enthalpy 

Bond dissociation enthalpy — СІ, > Br, > F, > I, 

By considering all the 3 factors, the reactivity order is concluded. 


Hydrogen halides: 


Hydrogen fluoride is a low boiling liquid (due to hydrogen bonding) while HCI, HBr and 
Hl are gases. 


HF > HCI > HBr > HI (decreasing order of ionic character) 

HF < HCI < HBr < HI (increasing order of bond length, reducing character) 

HF > HCI > HBr > HI (decreasing order of bond dissociation enthalpy, thermal stability) 
HI > HBr > HCI > HF (decreasing order of acidic strength) 

HF is not stored in glass vessels as it reacts with SiO, of glass. 

HF > HI > HBr > HCI (Trend of B.pt.) 
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9) Reducing Nature 
HI > HBr > HCI > HF 
Acidic nature oc Electronegativity of central atom 


10) Oxoacids of halogens 
e Fluorine forms one oxoacid HOF (hypofluorous acid)- at ice temperature. The rest 
of the halogens form four series of oxoacids, HXO, HXO,, HXO, and HXO.. 
HOCI (+1) hypo chlorus acid 
HCIO, (+3) chlorus acid 
HCIO, (+9) chloric acid 
HCIO, (+7) per chloric acid 
Acidic strength 
i) Per Halic acid with the same halogen atom ; but different oxidation state 
HCIO, > HCIO, > HCIO, > HOCI 
oxidation state 
+/ +9 +3 +1 
HCIO, > HCIO, > HCIO, > HOCI 
Conjuate base - ClO, > Cl0, > ClO, > ClO 


Perchlorate chlorate chlorite hyperchlorite 
a) Acidic strength oc stability of conjugate base 
b) Acidic nature oc Electronegativity of the central atom 
c) Acidic strength oc oxidation state of the central atom 


11) Inter halogen compounds 


The compounds of one halogen with the other are called interhalogens or interhalogen compounds. The 
main reason for their formation is the large electronegativity and the size differences between the different 
halogens. Taking A as the less electronegative and B as the more electronegative halogen, they are 
divided into the — four types. The less M DU (A) is —— written first. 





"s F 
BrF, BrCl, ICI IF., ICI, 
IBr, IF 
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These interhalogen compounds are unstable and more reactive 


a) 


General properties. 


vi) 


vii) 
vii 


o 


IX) 


Largest halogen always serves the central atom 


The highest interhalogen compound i.e. IF, is obtained with iodine, the largest halogen 
attached to the smallest one 


The bonds in interhalogen compounds are essentially covalent due to little 
electronegativity difference between different halogens. 


Thermal stability decreases as the size difference decreases and increases as the polarity 
of the bond increases. Thus CIF is thermally more stable as compared to IBr. 


They ionize in solution or in the liquid state. 
2 IC == +1Cl, ; 210, = 101, + ICI, 
Hydrolysis of interhalogen compounds always produces a halide ion derived from smaller 
halogen and oxyhalide derived from larger halogen 
ICI + Hj0 — Cl -- OF +2H* ; BrF,+3H,0 — SF + BrO,- + 6H* 
They are strong oxidising agents and are diamagnetic in nature. 


Largest number of interhalogens are formed by fluorine due to its smaller size and 
higher electronegativity or oxidising power. 


They are more reactive than the component halogens (except fluorine) due to weakness 
of the covalent bond between two dissimilar electronegative elements. 


structure. Interhalogen compounds 


of the type AB, i.e. ICI, IBr, IF etc. are linear 


of the type AB, i.e. IF., CIF,, BrF, have distorted trigonal bipyramidal (dsp?-hybridlization) 
structures or T shape due to two lone pairs in equatorial positions. ICI, dimeric, |,Cl, and 
has a planar structure. 

of the types АВ, ie. BrF,, IF, have distorted octahedral (d’sp*-hybridizatipn) shapes or 
Square pyramidal due to a lone pair in one of the axial positions. 


of the type AB, i.e. IF_, have pentagonal bipyramidal (d? sp?-hybridization) structures. 


Reactions with alkalies. 
With cold and dilute NaOH, F, gives OF,: while with hot and conc. NaOH, it gives О. 


2F, + 2NaOH ———> 2NaF + OF, + H,O ; 2F, + 4Na0H —» 4NaF + 2H,0 + 0, 


Other halogens form hypohalites (XO ) with cold dilute NaOH solution and halates (ХО,) with hot 
and conc. NaOH solution. 
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2 NaOH (dil.) + X, — —» NaXO + NaX + H,O where X = CI, Br or | 
ho 
6 NaOH (conc.) + 3 X, — —» NaXO, + 5 NaX + 3 H,O where X = CI, Br or I. 


Polyhalide lons. 


Halogens or interhalogens combine with halide ions to form polyhalide ions. The most common 
example of polyhalide ion formation is furnished by the increase in solubility of iodine in water in the 
presence of KI which is due to the formation of tri-iodide ion, 

| «Ll 
Many other examples of polyhalides ions are 


i) Cly, Bry, ICI, IBr, including I. . In these ions, one of the halogen atoms (In case of similar 
atoms) or halogen atom larger in size undergoes sp?d- hybridization giving a linear shape 
with three lone pairs at equatorial positions. 


li) Clt, Brt, L*, ICI,*, IBr,*. Here we find central atom sp? hybridized giving a bent shape with 


two lone pairs of electrons on the central atom 


ii) ICl,, BrFy, I. Here central atom involves sp*d* hybridization giving square planar shape 


with two lone pairs of electrons on axial positions. 


iv) ICl,* BrF,*, 1,*. In these ions central atom involves sp?d* hybridization giving, a distorted 
tetrahedrai structure with one lone pair of electrons on equatorial position. 


v) I, IF. The central atom | undergoes sp*d° hybridization giving a distorted octahedral structure 
with one lone pair of electrons. 


vi) l+, Here central | atom involves sp*d* hybridization giving an octahedral structure. 


Fluorine due to its highest electronegativity (and only - | oxidation state) does not form 
polyhalide ions where it acts as a central atom. 


Anomalous behaviour of fluorine. 


Fluorine differs from rest of the elements of its family due to (a) its small size (b) highest 
electronegativity, (C) low bond dissociation energy and (d) absence of d-orbitals in the valence shell. 
The main points of difference are: 


i) Fluorine is most reactive of all the halogens due to lower value of F—F bond dissociation 
energy (F, = 158, CI, = 243, Br, = 192 and I, = 151 kJ mol"). 
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li) Being the most electronegative element, it shows only an oxidation state of —1 and does not 
Show any positive oxidation states due to absence of d-orbitals in its valence shell. Other 
halogens show positive oxidation states of + 1, + 3, + 5 and + 7. 


iii) Due to small atomic size and high electronegativity of F, HF undergoes strong H-bonding 
while other halogen acids do not. 


Chromyl chloride 


When solid metal chloride is heated with conc. Н,50, in presence of solid K,Cr,O_ in a dry test tube, 
deep red vapours of chromyl chloride are evolved 


NaCl + Н,50, — NaHSO, + HCI 
K,Cr,0, + 2H,50, > 2KHSO, + 2Cr0, + H,O 
CrO, + 2HCI — CrO,CI, Т + H,O 


Chromyl Chloride 
When these vapours are passed through NaOH solution, the solution becomes yellow due the 
formation of sodium chromate 


CrO,CI, + 4NaOH — Na,CrO, + 2NaCl + 2Н,0 


Yellow colour 


The yellow solution is neutralised with acetic acid and on addition of lead acetate gives a yellow 
precipitate of lead chromate 


Na,CrO, + Pb(CH,COOH), — PbCrO, + 2CH,COONa 


Yellow ppt 


18th Group of Elements 


Atomic number 

Atomic mass (g mol-') | | | | . - 
Atomic radius (pm) — 
(van der Waals’ radius) 


First lonisation 1037 
enthalpyAH (kJ mol-') 

Electron gain enthalpy (kJ mol!) + 68 
Melting point/K 202 
Boiling point/K | . . 211 
Relative abundance (ppm) . . | . . Traces 
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li) Electronic config. ns? np? except He — IS? 


iii) lonization enthalpy — 18" group elements have very high I.E. Already they have achieved 
stable config. removal of an е is not energetically favourable. 


He 

Ne |.Е 
decreases 

Ar 

Kr 

хе Lowest I.E 


‘Xe’ is capable of forming certain compounds only with ‘F & О. 
Both F & O Highly E. М. 


Clathrates compounds are formed when Ar, Kr and Xe are passed through organic liquids 
such as phenol, hydroquinone etc. under pressure and solution is crystallised. The atoms of 
inert gases are trapped into the crystal lattice of organic molecules. 


3) Some compounds of Xenon: 


a) XeQ,: pyramidal, e) XeF,- Linear 

b) Xe0, Tetrahedral f) | XeF, - Sq. Planar 

c) XeOF, T-shaped 0) XeF,- Distorted octahedron 
d) XeOF, Square pyramidal 


Diagonal Relationship: The similarity in the properties of some of the elements of second period 
to diagonally opposite elements of third period is called diagonal relationship. 


Inert pair effect: The reluctance of s-electrons to take part in bond formation. This is observed in the 
lower elements of each group (from Gr No-13 to Gr No-16). 


Covalent character of an ionic bond: In ionic bonds due to small size and high charge density the 
cation pulls the electron density of the anion towards itself thus leading to the development of 
covalent character. This is called the polarization effect. 


Fajan's rule: Higher the charge density of the cation, greater is its polarising power. Larger the size 
of the anion greater will be its polarizahility. 


2©уО= 
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Hydration energy: The amount of energy released when one mole of ions are completely hydrated 
iv) E.G. E Noble gases have «ve E. G. E 
They have achieved stable configuration. 50, addition of an extra e- is not favourable. 
v) EN | EN decreases 
as the size 
Increases 
vi) Nature of liquification 
| Ease of liquification increases as the size of molecules and hence the V.W.F also increases 
Neils Bartlett — He prepared the first compound of Xe. 


0, + PtF, — — [0,}* [PtF,]- 
Both O, & Xe have similar E.N and similar 1st IE. 
Xe + Pt, — — [Xe]: [PtF,]- 


First compound of Xe prepared in the lab. 


structure of compounds of Xe. 


1. XeF, 
1 
H2 5 (V+M—C+A) 
= 8+2-0+0 
= 5 | + + Q) 
= 5 sp'd 


XeF, — Linear 
(In sp?d, the Ip of e- occupy equitional position) 
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2) XeF, 
1 
H= 5 (8+4-0+0) 
= 6 > 5р°0° 
Е Е 
Square planer 
Е Е 
сэ 


(In sp?d* hybridisation, the Ip of e- occupy only the axial position) 


3) XeOF, 


4) XeOF, o sp*d? 





Square pyramidal 
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о) XeO,F,  sp?d 
| J 
Bue IN 
Е Q 
Bent sea-saw model 
6) XeO,F, —> ѕр?а? 
О 


О 


Octahedral or square bipyramidal 


7) Xe, 


— 


Н = = (8+0-0+0) 


2 
= 4—› sp° 


An Tedrahedral = expected 


Actual = Pyramidal 
О 


8) XeF, 


І 
H= 5 (8+6 -0 + 0) 


= 7 —› 5р°0° 


Expected structure — pentagonal bipyramidal 
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Typical reactions of ‘Xe’ compounds 
1) Preparation of XeF,, XeF, & XeF, 


673K 

Xe + F, ———> XeF, 
10 
873 K 

Xe + 2F, — ——» XeF, 


7 bar 


573 
Xe + ЗЕ, ———-> XeF, 
60-70 bar 


2) Hydrolysis of xenon flouride 


i) Xe + H0 ——ә Xe + HF + O, 
complete 

li) XeF, + HQ —— Xe + Xe0 + HF + O 
complete 

iii) XeF, + H,O — —»5 2HF + Xe0F, 
partial 

iv) XeF, + 38H,Q ——— 6HF + Хеб, 
completely 

v) Хек + 29,0 —— АНЕ + _ Xe0F, 
semipartial 

vi) XeF. + H,0 —— 2HF + Xe0F, 


solved Examples 


Q.1. Identify the incorrect statement: 
1) Silicon reacts with NaOH (aq) in the presence of air to give Na,SiO, and H,O. 
) Cl, reacts with excess of NH, to give N, and HCI. 
3) Вг, reacts with hot and strong NaOH solution to form NaBr, NaBrO, and H,O. 
) Ozone reacts with SO, to give SO.. [AIEEE, 2007] 


Answer: (3) 
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The correct equation for this reaction is: 
3Br, + 6NaOH — SNaBr + NaBrO, + 3H,0 
Q.2. In which of the following arrangements, the sequence is not strictly according to the property 
written against it? 
1) CO, < SiO, < SnO, < PbO, (increasing oxidizing power) 
) HF < HCI < HBr < HI (increasing acid strength) 
) NH, < PH, < AsH, < SDH, (increasing basic strength) 
) B<C <0 < № (increasing first ionisation enthalpy) [AIEEE, 2009] 
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Answer: (3) 


Option (3) is incorrect because as we move down the group, the size of the central atom increases. 
Due to this, availability of lone pair of electrons decreases. Hence the basic character decreases. 
Thus the correct order is NH, » PH, » AsH, » SbH, 
Q.3. Which of the following reactions of xenon compounds is not feasible? 
1) Хе0, + 6HF 9 XeF, + 3H,0 
) 3XeF, + 6H,0  2Xe + XeO, + 12HF + 1.50, 
) 2XeF, + 2H,0 5 2Xe + АНЕ + O, 
) XeF, + КОЕ — Rb[XeF. [AIEEE, 2009] 


Answer: (1) 


A co N 


The reaction is not feasible because XeF, formed is hydrolysed in presence of moisture to form 
XeO 
| PRACTICE QUESTIONS 


1) Which of the following represents the correct order of increasing pKa values of the given 


acids? 

a) НСО, < HNO, < H,CO, < B(OH), b) HNO, < HCIO, < B(OH), < H,CO, 

c) B(OH), < H,CO, < HCIO, < HNO, d) HCIO, < HNO, < B(OH), < H,CO, 
2) In which case, the order of acidic strength is not correct? 

a) HI» НВг> HCI b) НІО, > НВгО, > HCIO, 

с) НОО, > HCIO, > HCIO, d) HF > H,O > NH, 
3) The relative basic character of the following is 

a) CIO- < CIO, < ClO, < CIO, b) ClO, < ClO, < ClO, < CIO- 

c) ClO, < CIO, < ClO, < CIO- d) ClO, < ClO < ClO, < СО, 
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4) The correct order of acidic strength is 
a) K,O > Саб > MgO b) CO, > №0, > 50, 
c) Na,O > MgO >Al,0, d) CL0,» $0,» P,0,, 
9) The correct order of bond energy is 
а) СІ, > Вг, >, >I, b) Cl,>F,>Br, >I, 
c) l, > Вг, > Cl, >F, d) 1l, > Br, >F, > Cl, 


6) HCIO, HNO, and HCI are all very strong acids in aqueous solution. In glacial acetic acid 
medium, their acid strength varies in the order as 


a) НСО, > HNO, > HCI b) HNO, > HCIO, > HCI 

c) HCI > HCIO, > HNO, d) HCI > HNO, > HCIO, 
/) Тһе electronegativity follows the order 

a) F>O>Cl>Br b) F>Cl>Br>0 

c) O>F>Cl>Br d) Cl>F>O>Br 
8) Inthe oxoacids of chlorine CI-O bond contains 

a) Ял-дл Bonding b) pr-dr Bonding 

с) рл-рл Bonding 0) попе of the above 


9) The correct order of electron gain enthalpy values (A H) of the halogen atoms is 


а) F<Cl<Br<l b) Cl<F<Br<l 
c) 1<Вг<Е< (0 d) Cl«Br«I«F 
10) Which of the following sets has strongest tendency to form anions? 
а) Ga, In, TI b) Na, Mg, Al 
c) N,O,F d) V, Cr, Mn 
ANSWERS 
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PRACTICE QUESTIONS (OBJECTIVE TYPE) 


The element which liberated O, from water is 


a) P b) М 

б F d) | 

When, I, is dissolved in CCI, the colour that results Is 

a) Brown b) Violet 

с) Colourless d) Bluish green 


Ozonised Oxygen can be obtained from H,O by the action of 


a) Conc. H,SO, b) KMnO, 

c) MnO, d) F, 

Halogen which can be prepared from caliche is 

a) Cl, b) Br, 

c) 1, d) F, 

Which one of the following elements can have both positive and negative oxidation state? 
a) F b) | 

c) Li d) He 

HI can be prepared by all the following methods, except 

а) Pl, + H,O b) KI + H,SO, 

c) Н, +1, d) 1+ 9,5 

Which among the following is paramagnetic? 

a) CLO b) CIO, 

c) CLO, d) COLO. 

Which of the following pairs will give chlorine gas most quickly, upon reaction? 
a) HCl and KMnO, b) NaCl and H,PO, 

c) NaCl and MnO, d) CaCl, and Br, 

Which one of the following oxyacids of chlorine is the least oxidizing in nature? 
a) НОСІ b) HCIO, 

с) НОО, d) HCIO, 
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10) Which of the following bonds is the strongest? 
a) FF b) Cl-Cl 
c) l-l d) Br-Br 
11) In the clathrates of xenon with water, the nature of bonding between xenon and water 
molecule is 
a) Covalent b) Hydrogen bonding 
c) Co-ordinate d) Dipole-induced dipole interaction 
12) The last member of the family of inert gases is 
a) Argon b) Radon 
c) Xenon d) Neon 
13) Ihe coloured discharge tubes for an advertisement mainly contain 
a) Xenon b) Helium 
c) Neon d) Argon 
14) XeF, on partial hyrolysis produces 
a) XeF, b) XeOF, 
с) XeOF, d) XeO, 
15) Which element out of He, Ar, Kr and Xe forms least number of compounds? 
a) He b) Ar 
c) Kr d) Xe 
16) Which of the following is the correct sequence of the noble gases in their group in the 
periodic table? 
a) Ar, He, Кг, Ne, Rn, Xe b) He, Ar, Ne, Kr, Xe, Rn 
с) He, Ne, Kr, Ar, Xe, Rn d) He, Ne, Ar, Kr, Xe, Rn 
17. Which of the following noble gases does not have an octet of electrons in its outermost 
shell? 
a) Neon b) Radon 
c) Argon d) Helium 
18) The value of ionization potential for inert gases is 
a) Zero b) Low 
c) High d) Negative 
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19) The elements which occupy the peak's ionization energy curve are 
a) Na,K, Rb, Cs b) Ма, Mg, Cl, | 
c) С, Br, |, Е d) He, Ne, Ar, Kr 
20) Sea divers go deep in the sea water with a mixture of which of the following gases? 
a) О,апа He b) QO, and Ar 
c) 0, and CO, d) CO, and Ar 
21) Gradual addition of electronic shells in the noble gases causes a decrease in their 
a) lonization energy b) Atomic radius 
c) Boiling Point d) Density 


22) Molecular shapes of SF,, CF, and XeF, are 
a) The same, with 2, 0 and 1 lone pairs of electrons respectively 


b) Ihesame, with 1, 1 and 1 lone pairs of electrons respectively 
c) Different, with 0, 1 and 2 lone pairs of electrons respectively 
d) Different with 1, 0 and 2 lone pairs of electrons respectively 


ANSWERS 
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physical properties 





oxidation state atomic radii 
reaction with hydrogen melting point 
reaction with oxygen chemical properties boiling point 
reaction with halogen lonisation enthalpy 
oxoacids electron gain enthalpy 
preparation 
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UNIT 8 


d-and f- Bock Elements 


Learning Outcomes 
The learners will be able to 
e understand the postions of the d- & f-blocks elements in the periodic table 
e write the electronic configurations of the d- & f-block elements 
e describe the general characteritics of the d- & f-block elements 
e explain the physical properties, preparations, structure & uses of K,Cr,O_ and KMnO, 


e give a comparative account of the lanthanoids and actinoids with respect to their 
electronic configuration, oxidation states and chemical behaviour 


Position in the Periodic Table 


d-Block elements which lie between most electropositive s- and most electronegative p-blocks in the 
long form of the periodic table. They are so called because last electron in them enters in the d-orbital of 
the (n-1) or penultimate shell. They are also called transition elements because their properties lie in 
between those of s-block and p-block elements and represent a transition (change) from them. 


General Electronic Configuration of the transition elements is (n-1) 4'-'° ns'* where n is the 
outermost shell. 


The definition excludes Zn, Cd and Hg from transition elements because they do not have incomplete 
d-subshell in the atomic state or their common oxidation state (viz., Zn**, Cd**, Ног") which are 
3d'?, 4d'° and 5d? respectively. They do not show properties of transition elements to any appreciable 
extent except for their ability to form complexes. In order to maintain a rational classification of 
elements, they are generally studied with the d-block elements and are called non-typical transition 
elements. Thus, transitions elements are d-block elements but all d-block elements are not transition 
elements. 


50те Exceptional Electronic Configurations of Transition Elements are as follows: 
Cr = 3d? 4s', Cu = 3d" 451, 

Nb = 4d* 551, Mo = 40° 5s! Ru = 4d’ 5s', Rh = 4d? 5s', Pd = 4d'? 5s?, Ag = 4d"? 5st. 
Pt = 5d? 65', Au = 5d'°6s' 


The irregularities in the observed configurations of Cr, Cu, Mo, Pd, Ag and Au are explained on the 
basis of the concept that half filled and completely filled orbitals are relatively more stable than other 
d-orbital configurations. 


Classification 


Each horizontal row of the d-block containing 10 elements is called a transition series. There are 
four transition series: 
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First transition series or 3d series (Z = 21 - 30. i.e., Sc to Zn) in which 3d subshell is being 
progressively filled. It is a part of 4th period. 


second transition series or 4d series (Z = 39 - 48, i.e., Y to Cd) in which 4d subshell is being 
progressively filled. It is a part of 5th period. 


Third transition series or 5d series (Z = 57, La and 72 - 80, i.e., Hf to Hg) in which 5d subshell 
is being progressively filled. It is a part of 6th period. 


Fourth transition series or 6d series (Z = 89, Ac and 104 - 112, i.e., Rf to Cn now a complete 
series containing ten elements in which 6d subshell is being progressively filled. It is a part of 7th 
period. The outer electronic configuration of Rf, Z = 104 is 6d*7s* and there is a regular increase of 
one electron in 6d orbital as Z increases. Thus, there are total 40 transition elements at present in the 
periodic table. 


General Characteristics 


1. Atomic Radii 
3d series elements Sc Т V Cr Mn Fe Co Ni Cu Zn 
At. radius (pm) 144 132 122 117 117 117 116 115 117 125 
4d series elements Y Zr Nb Mo Ic Ru Rh Pd Ag Cd 
At. radius (pm) 162 145 134 129 126 124 125 128 134 141 
5d series elements la Hf Ta W Re Os Ir Pt Ай Hg 
At. radius (pm) 169 144 134 130 128 126 126 129 134 144 


e  |naseries, the atomic radii first decrease with increase in atomic number upto the middle 
of the series, then become constant and at the end of the series show a slight increase. 
This is due to the fact that in the begining, the atomic radius decreases as the nuclear 
charge increases. But with the increase in the d-electrons, screening effect increases 
which counter balances the increased nuclear charge due to increase in atomic number. 
As aresult, the atomic radii remain practically same after midway of the series. However, 
near the end of the series, the electron-electron repulsions between the added electrons 
in the same d-orbitals are greater than the attractive forces due to increased nuclear 
charge. This results in the expansion of the electron cloud and thus the atomic radius 
increases. The atomic radii increase down the group from first transition series to the 
Second transition series but the atomic radii of the second and third transition series are 
almost the same. The increase in the atomic radii down the group of the second transition 
Series is due to the increase in the number of shells in the atoms but the similarity in the 
atomic radii of the elements of second and third transition metals is due to lanthanoid 
(lanthanide) contraction. 
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2. Metallic Character 
All transition elements display typical metallic properties such as high tensile strength, ductility, 
malleability, high thermal and electrical conductivity and metallic lustre. 


All the transition elements are metals having hcp, ccp or bcc lattices. Metallic bonding is 
caused due to the presence of one or two electrons in the outermost energy level (ns) and also 
unpaired d-electrons. Greater the number of unpaired d-electrons, stronger is the metallic 
bonding and metals will be hard e.g. Cr, Mo and W. Thus, transition elements are more metallic 
than the representative elements. On the other hand, absence of unpaired electrons results in 
a weak metallic bonding and the metals will be soft e.g., Zn, Cd and Hg. 


3. Melting and Boiling Points 


e — The transition metals have very high m.p. and b.p. The high melting points of these metals 
are attributed to the involvement of greater number of electron from (n-1)d in addition to 
the ns electrons. In any row, the melting points of these metals rise to maximum at d? and 
fall regularly as the atomic number increases. 


e Mn and Ic have abnormally low melting points. 
e Tungsten has the highest m.p. (3683K) among the d-block elements. 
e Due to the absence of unpaired electrons, Zn, Cd and Hg have low m.p. 


e Hg has the lowest m.p. (234K) among the d-block elements & thus it is a liquid at 
room temperature. 


4. Enthalpy of atomization 
Transition elements (except Zn, Cd and Hg) are much harder and less volatile. They exhibit 
high enthalpies of atomization. The maximum value lies at about middle of each series indicating 
the interatomic interaction increases with the number of unpaired d-electrons. The metals of 
4d and 5d transition series have greater enthalpies of atomization than the corresponding 
elements of the first (3d) series. This is due to much more frequent metal-metal bonding in 
their compounds. 


5. Density 
Because of large number of valence electrons involving ns and (n-1) d-orbitals in transition 
metals, they have strong metallic bonding due to which these metals posses high densities. 


6. lonization Enthalpies 
The first ionization enthalpies of d-block elements are higher than those of s-block elements 
and are lesser than those of p-block elements. The ionization enthalpies of 3d and 4d-series 
are irregular but increase across the series while those of 5d-series are much higher than 
3d and 4d-elements. This is because of the weak shielding of nucleus by 4f electrons in 
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od-transition series which results in greater effective nuclear charge acting on the outer 
valence electrons. 


7. Oxidation States 


e All transition elements except the first and the last member іп each series show variable 
oxidation states as the difference of energy in the (n-1)d and ns orbitals is very little. 
Hence, electrons from both the energy levels can be used for bond formation. 


e [he most common oxidation state of 3d-transition elements is +2. 


e Тһе stable oxidation states shown by 3d-transition series are: Se (111), Ti(IV), V(V), 
СМТ), Mn(VII), Fe(ll, HI), Co(ll, IH), МҮШ), Cu(II) and 4п(11). The maximum oxidation 
states correspond in value to the sum of s and d-electrons upto Mn. 


e Mostly ionic bonds are formed in +2 and +3 oxidation states. But higher oxidation 
states give covalent bonds. 


e Higher oxidation states are stabilized by atoms of high electronegativity like O or F 
whereas lower oxidation states (zero or +1) are stabilized by ligands which can accept 
electrons from the metal through «x-bonding (such as CO). 


e |n going down a group, the stability of higher oxidation states increases while that of 
lower oxidation states decreases. 


0. Standard Electrode Potentials (E?) and Reducing Character 
Quantitatively, the stability of transition metal ions in different oxidation states in solution 
can be determined on the basis of electrode potential data. Lower the electrode potential 
(i.e., more negative the standard reduction potential) of the electrode, more stable is the 
oxidation state of the transition metal ion in aqueous solution. Electrode potential values 
depend upon energy of sublimation of the metal, the ionization enthalpy and the hydration 
enthalpy. E? values (M?*/M) for first row (3d-series) transition metals are given below: 
Element Ti V Cr Mn Ре Co Ni Cu Zn 
Е°(М2+/М) -1.63 -1.18 -0.9 -1.18 -0.44 -0.28 -0.25 40.34 -0.76 
in volts (V) 
E*(M?*/M?*) -0.37 -0.26 -0.41 41.57 +0.77 41.97 - - - 
in volts (V) 


e All the elements of 3d-series are good reducing agents except copper. However they аге 
weaker reducing agents than s-block elements. 
The irregular E° values are explained by irregular variation of ionization and sublimation 
enthalpies. 


e Моге negative E° values than expected for Mn, Ni and Zn show greater stability for Mn? 
(d°), №2+ (d8) and Zn (d'?). The exceptional E? value of Ni™ is due to its high negative 
enthalpy of hydration. 
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10. 


The comparatively high value of E° (Mn?*/Mn?') shows that Mn* is very stable which is 
on account of stable d? configuration of Мп. 


The comparatively low value of E? (Fe**/Fe^') is on account of extra stability of Fe% (d^). 


The comparatively low value of E? (V**/V*") is on account of the stability of V^* ion due to 
its half-filled t, * configuration. 


e Copper is unique in showing positive value of E°. This explains why it does not liberate 
H, gas from acids. The reason for positive value of E° for Cu is that the sum of enthalpies 
of sublimation and ionization is not balanced by hydration enthalpy. 


e Е° value for the couple Cr**/Cr^: = — 0.41 V and Mn**/Mn* = + 1.51 V suggest that Cr** is 
unstable and is oxidised to Cr** (which is more stable) and acts as a reducing agent 
whereas Mn** is unstable and is reduced to Mn% (which is more stable) and acts as an 
oxidising agent. It may be noted that both Cr** and Mn** are d^ species. 


e Curt is unstable in water as it may undergo oxidation to Си?+. The greater stability of Cu% 
(aq) than Cu* (aq) is due to much more negative enthalpy of hydration of Cu** (aq) than 
Cu* (aq) which more than compensates for the high second ionization enthalphy of Cu. 


Magnetic properties 

Paramagnetic - Due to presence of the unpaired electrons in(n-1)d orbitals, most of the 
transition metal ions and their compounds are paramagetic. They are attracted by the magnetic 
field. 

Diamagnetic - They have paired electrons and are repelled by magnetic field. 


Magnetic moment u = ‚/л(7+2) 


n- number of unpaired electrons 

Magnetic moment or paramagnetic property increases with increase in the number of unpaired 
electrons. 

Ferromagnetic - Substance which are attracted very strongly are said to be ferromagnetic. 
Ferromagnetism is an extreme form of paramagnetism. 


Catalytic Properties 

Many transition metals (like Co, Ni, Pt, Fe, Mo) and their compounds are used as catalysts 
because of the following reasons: 

Because of variable oxidation states, they easily absorb and re-emit wide range of energies to 
provide the necessary activation energy. 

Because of variable oxidation states, they easily combine with one of the reactants to form an 
intermediate which reacts with the second reactant to form the final products. 

Because of presence of free valencies on the surface, they can adsorb the reacting molecules, 
thereby increasing the concentration of the reactants on the surface and hence the rate of 
reaction. eg. V,0, is used in manufacture of Н,50, by contact process. Finely divided nickel is 
used as a catalyst in hydrogenation of oils and fats. 
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11. Coloured lons 
The transition metals are coloured either due to the d-d transition or charge transfer. 


a) 


d-d transition 


This is because of the presence of incompletely filled d-orbitals. When a transition 
metal compound is formed, the degenerate d-orbitals of the metal split into two sets, 
one (having three orbitals аху, dyz and dxz called t,, orbitals) with lower energy and the 
other (having two orbitals dx? - y? and dz? called eg orbitals) with slightly higher energy 
in an octahedral field. This is called crystal field splitting. When white light falls on these 
compounds, some wavelength is absorbed for promotion of electrons from one set of 
lower energy orbitals to another set of slightly higher energy within the same d-subshell. 
This is called d-d transition. The remainder light is reflected which has a particular 
colour. Sc*, Ti and V?* have completely empty d-orbitals and hence are colourless. 
similarly, Cu*, Ag+, Aut, Zn% and Hg** have completely filled d-orbitals and there are no 
vacant d-orbitals for promotion of eletrons and hence are colourless. 


Charge transfer 


Charger transfer transition always produces intense colour since the restrictions of 
selection rules do not apply to transitions between atoms. MnO, ion has an intense 
purple colour in solution due to charge transfer transition. In MnOQ,-, an electron is 
momentarily transferred from О to the metal, thus momentarily changing O% to O- and 
reducing the oxidation state of the metal from Mn(VII) to Mn(VI). Charge transfer transition 
requires that the energy levels on the two different atoms involved are fairly close. 


Colours of Cr,0.7, CrO ^", MnO,-, Cu,0 and Ni-DMG complex аге due to charge transfer 
transitions. 


12. Complex Formation 
Transition metal ions form a large number of complexes in which the central metal ion is 
linked to a number of ligands. 


13. 


ZA 


They have high nuclear charge and small size, i.e., charge/size ratio (charge density) is 
large. 

They have empty d-orbitals to accept the lone pairs of electrons donated by ligands. 
The stability of complexes increase with increase in atomic number of the elements in a 
series and with decreasing size of its atoms. Moreoever, higher valent cations form more 
stable complexes. 


Interstitial compounds 

Transition metals form a number of interstitial compounds in which small non-metal atoms 
such as H, C, B, N and He occupy the empty spaces (interstitial sites) in their lattices and also 
form bonds with them. 
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14. 


15. 


Alloy formation 

Due to similarity in atomic sizes, atoms of one transition metal can easily take up positions in 
the crystal lattice of the other in the molten state and miscible with each other forming 
homogeneous solid solutions and smooth alloys on cooling. 


Non-stoichiometric Compounds 

Non-stoichiometric compounds are those in which the chemical composition does not 
correspond to their ideal chemical formulae. The compounds of transition metals with O, S, 
oe and Te are generally non-stoichiometric and have indefinite composition. The non- 
stoichiometry is due to 


e Variable valency of transition metals 
e presence of defects in their solid state (structure). 
e.g. FeU. а. ТЇН, 
General Properties of First Row Transition Metal Compounds 
Oxides and oxometal ions. 


e Oxides of metals in low oxidation states + 2 and + 3 (MO, М.О, and М.О.) are generally 
basic except Cr,0, which is amphoteric in character. 


e Oxides of metals in higher oxidation states + 5 (M,0., MO,, M,O.) are generally acidic in 
character. 


e Охійеѕ of metals in their intermediate oxidation states + 4 (MO,) are generally amphoteric 
in nature. Besides the oxides, the oxocations, which stabilise V (V) species is VO,*, V 
(IV) species is VO% and Ti(IV) species is TiO?:. 
e Д5 the oxidation number of the metal in the oxide increases, ionic character decreases 
and acidic character increases. Thus, 
+2 +8/3 +3 +4 +/ 
MnO  Mn,O, Mn,O, MnO, Mn,0_ 
—— lonic chacracter decreases 
—— Acidic character increases 


solved Examples 


1. 


Four successive members of the first row transition elements are listed below with their atomic 
numbers. Which one of them is expected to have the highest third ionisation enthalpy? 


1) Vanadium (Z = 23) 2) Chromium (Z = 24) 
3) Manganese (Z = 25) 4) Iron (Z= 26) 
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Ans. (3) It can be seen after losing 2 electrons, Mn has 3d? configuration which is exactly half 
filled. More energy is required to remove the third electron. 

2. The aqueous solution containing which one of the following ions will be colourless? 
1) Sc* 2) Fe* 
3) Т 4) Mn* 


(Atomic number: Sc = 21, Fe = 26, Ti = 22, Mn = 25) 


Ans. (1) 5с°* has d? configuration thus its aqueous solution is colourless. Only those salts give 
colour in aqueous solution whose ions contain unpaired electrons in the d-subshell. 


3. Which one of the following elements with the following outer orbital configuration may exhibit 
the largest number of oxidation states? 
1) За? 4s? 2) 30° 4s? 
3) 3d? 4d! 4) 3d? 45° 

Ans. (4) In the transition elements, the energies of (n-1)d orbitals and ns orbitals are very close. 
Hence, electrons from both can participate in bonding. Hence option (4) will have maximum 
oxidation sates. 

4. Which one of the following ions has electronic configuraion [Ar] 308? 
1) Co* 2) Ni* 
3) Mn* 4) Fe* 


Ans. (1) The outer configuration are:- 

Co : 3d’ 4s? 
Ni : За 4s? 
Mn : 30° 4s? 
Fe : 30° 45? 
To form tripositve ion, each atom has to lose three electrons each. Thus, the given configuration 
matches with that of Co* ion. 

PRACTICE QUESTIONS 


1. Transition elements have the maximum tendency to form complexes because 
a. they are metals and all metals form complexes 
b. they contain incompletely filled d-orbitals 
c. their charge/size ratio is quite large 
d. of both (b) and (с) 
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2. 


In a transition series, as the atomic number increases, paramagnetism 
a) increases gradually 

b) decreases gradually 

с) first increases to a maximum and then decreases 

d. first decreases to a minimum and then increases 


Which of the following transition metal ions will have definite value of magnetic moment? 
a. OC* b. Ті 
c. Cut d. Zn 


Cuprous ion is colourless, while cupric ion is coloured because 

a. both have unpaired electrons in the d-orbital 

b. cuprous ion has a complete d-orbital and cupric ion has an incomplete d-orbital 

C. both have half-filled p- and d-orbitals 

d. cuprous ion has incomplete d-orbital and cupric ion has a complete d-orbital 
Amongst TiF ^, СОР,” Cu,Cl, and NiCI,* (At. Nos. Ti = 22, Co = 27, Cu = 29, Ni = 28). The 
colourless species are 

a. CoF,* and NiCI,* b. ТЕ” and CoF,* 

с. Cu,Cl, and NiCl,* d. ПЕ and Cu,Cl, 

The magnetic moment of a transition metal of 3d-series is 6.92 B.M. Its electronic configuration 
would be 

a. 3d? 4s? b. 30° 4s! 

c. За 450 d. З 45% 

The first ionization enthalpy of elements ої 5d-series are higher than those of 3d- and 40- 
series. This is because 

a. the atomic radii of elements of 5d-series are smaller than those of 3d- and 4d-series 

b. thenuclear charges of elements of 5d-series are higher than those of 3d- and 4d-series 


c. the valence shell electrons of 5d elements experience greater effective nuclear charge 
than 3d- and 4d-elements due to poor shielding of 4f subshell electrons 


d. there is apperciable shielding of 4f-subshell electrons on valence shell electrons of 5d 
elements 
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8. Which one of the following shows highest magnetic moment? 
a. V* b. Ore 
с. Fe d. Co% 


The transition elements are more metallic than the representative elements because they have 
a. theelectrons in d-orbitals 

b. electron pairs in d-orbitals 

c. availability of d-orbitals for bonding 

d. unpaired electrons in metallic orbitals 


Colour in transition metal compounds is attributed to 
a. small sized metal ions b. absorption of light in UV region 
c. complete ns subshell d. incomplete (n-1) dsubshell 


Among the following outermost configurations of transition metals which shows the highest 
oxidation state? 


а. 3094$? b. 30°45' 

c. 3d? 45? d. 3d° 4s? 

In which of the following ions, d-d transition is not possible? 

a. Ті b. Сг 

c. Mn* d. Cu 
ANSWERS 
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f-Block elements 


f-block elements (inner transition elements or lanthanoids and actionoids) 


The f-block consists of two series, lanthanoids (the fourteen elements following lanthanum) and 
actinoids (the fourteen elements following actinium). 


lanthanoids Actinoids 


Name oymbolAt. Configuration Name oymbol At. Configuration 
No. No. 

Lanthanum La 5/ [Xe] 5d! 65° Actinum AC 89 [Rn] 6d' 7s 

Cerium Ce 58 [Xe] 4f? 5d? 652 . Throrium ТП 90 [Rn] 5f° 6d? 7s? 

Praseodymium Pr 99 [Xe] 4f? 50° 6s? Protactinium Pa 91 [Rn] 5f? 6d! 75? 

Neodymium Nd 60 [Xe] 4f* 5d° 6s? Uranium U 92 [Rn] 5# 6d! 75° 


Promethium Рт 61 [Xe] 4P 5d? 6s? Neptunium Np 93 [Rn] 5# 6d! 7s? 
Samarium Sm 62 [Xe] 4 50° 6s? Plutonium Ри 94 [Rn] 5f° 6d? 7s? 
Europium Eu 63 [X] 4f" 50° 6s? Americium Am 95 [Rn] 5f" 6d? 7s? 
Gadolinium Gd 64 [Xe] 4f 5d' 6? Curium Cm 96 [Rn] 5f" 6d' 7s? 


Terbium Tb 65 [Xe] 4f 5d? 6s? Berkelium ВК 97 [Rn] 5P 60° 7s? 
Dysprosium Dy 66 [Xe] 41° 5d? 652 . Claifornium Cf 98 [Rn] 5f 6d? 7s? 
Holmium Ho 67 [Xe] 4f'' 5d? 652 Епѕіеіпіит Es 99 [Rn] 5f'' 6d? 7s? 
Erbium Er 68 [Xe] 4f'* 5d° 652 Ғегтіит Fm 100 [Rn] 5f'* 6d? 7s? 
Thulium Tm 69 [Xe] 41° 5d? 6s? Mendelevium Md 101 [Rn] 5f' 6d? 7s? 
Ytterbium Yb 70 [Xe] 4f" 5d? 6s? | Nobelium Мо 102 [Rn] 5f'^ 6d? 7s? 
Lutetium Lu 71 [Xe] 4f" 5d' 6s? Lawrencium Lr 103 [Rn] 5f'* ба" 7s? 


Both lanthanoids and actinoids are collectively called f-block elements because last electron in them 
enters into f-orbitals of the antepenultimate (1.е., inner to penultimate) shell partly but incompletely 
filled in their elementary or ionic states. The name inner transition elements is also given to them 
because they constitute transition series within transition series (d-block elements) and the last electron 
enters into antepenultimate shell (n-2)f. 
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LANTHANOIDS 


The elements with atomic numbers 58 to 71 i.e., cerium to lutetium (which come immediately after 
lanthanum Z - 57) are called lanthanoids or lanthanides or lanthanones or rare earths. Their 
general electronic configuration is [Xe] 4f'-"45d°" 6s*. 


General characteristics 


1. 


Atomic and lonic Radii 


The overall decrease in atomic and ionic radii from Lanthanum to Lutetium іп а unique feature 
in the chemistry of the lanthanoids. This regular decrease is known as lanthanoid contraction. 
It is due to greater effect of the increased nuclear charge than that of the screening effect, 
which is attributed to the imperfect shielding of one electron by another in the same sub-shell. 


Consequences of lanthanoid contraction 


а) ltresults in slight variation in their chemical properties which helps in their separation by 
ion exchange methods. 


b) Each element beyond lanthanum has same atomic radius as that of the element lying 
above it in the same group (e.g., Zr 145 pm, Hf 144 pm); Nb 134 pm, Ta 134 pm; Mo 129 
pm, W 130 pm). 

c) The covalent character of hydroxides of lanthanoids increases as the size decreases from 
Газ" to Lu**. Hence, the basic strength decreases. Thus, La(OH), is most basic whereas 
Lu(OH), is least basic. Similarly, the basicity of oxides also decreases in the order from 
La** to Lu*. 


d) Tendency to form stable complexes from La% to Lu% increases as the size decreases in 
that order. 


Oxidation states. Most stable oxidation state of lanthanoids is + 3. Oxidation states + 2 and 
+ 4 also exist but they revert to + З e.g., Sm**, Eu*, Yb** lose electron to become + 3 and 
hence are good reducing agents, whereas Ce^*, Pr“, Tb^' in aqueous solution gain electron to 
become + 3 and hence are good oxidizing agents. There is a large gap in energy of 4f and 5d 
subshells and thus the number of oxidation states is limited. 


Colour. Most of the trivalent lanthanoid ions are coloured both in the solid state and in 
aqueous solution. This is due to the partly filled f-orbitals which permit f-transition. 
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La** (colourless) Lu* (colourless) 

Сез+ (colourless) Yb?* (colourless) 

Pr* (yellow green) Tm? (green) 

Nd (red) Er?* (pink) 

Pm?* (uncertain) Ho** (Yellow) 

om?* (yellow) Dy** (yellow) 

Eu?* (pink) Tb?* (pink) 

Gd** (pink) 


4. Magnetic properties. All lanthanoid ions with the exception of Lu**, Yb** and Ce* are 
paramagnetic because they contain unpaired electrons in the 4f orbitals. These elements 
differ from the transition elements in that their magnetic moments do not obey the simple 


"spin only" formula w,,=./a+2) B.M. where n is equal to the number of unpaired 


electrons. In transition elements, the orbital contribution of the electron towards magnetic 
moment is usually quenched by interaction with electric fields of the environment but in 
case of lanthanoids the 4f-orbitals lie too deep in the atom for such quenching to occur. 


Magnetic moments of lanthanoids are calculated by taking into consideration spin as well as 
orbital contributions and a more complex formula 


п = ASQ) + 1 +18.М. 


It involves the orbital quantum number L and spin quantum number S. 


5. Complex formation. Although the lanthanoid ions have a high charge (+3) yet the size of 
their ions is very large yielding small charge to size ratio, i.e., low charge density. As a 
consequence, they have poor tendency to form complexes. They form complexes mainly with 
strong chelating agents such as EDTA, B-diketones, oxime etc. No complexes with B-bonding 
ligands are known. 


6. Reducing character. The E? values for M?*; M**(aq) + 3e- — M(s) lie in the range of - 2.2 to 
-2.4 V (exception being Eu, E? = - 2.0V) indicating thereby that they are highly electropositive, 
readily lose electrons and thus are good reducing agents. 


7. Chemical behaviour 
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Ln (Lanthanoid) 
C Dilute Burn Heated | Heated] H,O 
Halogen, 2/73KĮ acids in 0, with N, with S 
LnX, Ln,C, Liberate Ln,0, LnN  Ln,S, Ln(OH),+H, 
LnC, H, gas 
Ln,C, 
ACTINOIDS 


The elements with atomic numbers 90 to 103, i.e., thorium to lawrencium (which come immediately 
after actinium, Z = 89 are called actinoids or actinides or actinones. These elements involve the 
filling of 5f-orbitals and are also called 5f-block elements or second inner transition series. Their 
general electronic configuration is [Rn] 5f''* 6d°" 7s*. 


GENERAL CHARACTERSTICS 


1. Oxidation states. Exhibition of large number of oxidation states of actinoids is due to the 
fact that there is a very small energy gap between 5f, 6d and 7s subshells and thus all their 
electrons can take part in bond formation. 


Though 4f and 5f orbitals have similar shapes but 5f is less deeply buried than 4f. Hence, 
of electrons can participate in bonding to a far greater extent. 


2. Actinoid contraction. There is a regular decrease in ionic radii with increase in atomic 
number from Th to Lr. This is called actinoid contraction analogous to the lanthanoid 
contraction. It is caused due to imperfect shielding of one 5f electron by another in the 
same shell. This results in increase in the effective nuclear charge which causes contraction 
in size of the electron cloud. 


This contraction is greater from element to element in this series due to poor shielding by 5f 
electrons. This is because 5f orbitals extend in space beyond 6s and 6p orbitals whereas 4f 
orbitals are buried deep inside the atom. 


3. Colour of the ions. lons of actinoids are generally coloured which is due to f-transitions. It 
depends upon the number of electrons in 5f orbitals. The cations containing 5f" and 5f’ 
(exactly half filled f subshell) electrons are colourless. The cations containing 5° electrons 
are coloured both in the crystalline state as well as in aqueous solution. For example, Ac? 
(510), Cm?* (5f^), Th^* (bf?) are colourless while U?* (5f*) is red, Np% (5f^) is blue, Pu?* (Sf) is 
violet, Am?* (5f5) is pink. 


5. Complex formation. Actinoids have a greater tendency to form complexes because of higher 
nuclear charge and smaller size of their atoms. They form complexes even with p-bonding 
ligands such as alkylphosphines, thioethers etc. besides EDTA, p-diketones, oxine etc. The 
degree of complex formation decreases in the order. 
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M^ > MO," > М > МО; 


Where M is element of actinoid series. There is a high concentration of charge on 
the metal atom in MO,** which imparts to it relatively high tendency towards complex 
formation. 


solved Examples 


1. Which of the following Lanthanoid ions is diamagnetic? 
(At. No. Ce = 58, Sm = 62, Eu = 63, Yb = 70) 
1) Eu% 
2) Yb% 
3) Ce% 
4) т^ 
Ans. (2) All the lanthanoid ions mentioned in the question have unpaired electrons in their f-orbitals 
except Yb?* which has no unpaired electron (f'^). Thus it is diamagnetic. 
2. In context with the lanthanoids and actinoids which of the following statements is incorrect? 


1) Compared with lanthanoids the lower oxidation states are less important and the higher 
oxidation states are more important. 


2) The Sfelectrons of actinoids are more easily removed than the 4f electrons of lanthanoids. 
3) Actinoids exhibit greater variation in oxidation states as compared with lanthanoids. 
4) The +3 oxidation state in lanthanoid is much less common than that in actinoids. 


Ans. (4) The dominant oxidation state for both lanthanides and actinides is +3. Their properties are 
similar when the are in +3 states. 


PRACTICE QUESTIQNS 


1. The +3 ion of which one of the following has half filled 4f subshell? 


a. la b. Lu 
c. Gd d. Ас 
2. Arrange Ce*, La*+, Pm% and Yb* in increasing order of their ionic radii 
а. Yb% < Pm% < Ce% < La% р. Сез < Yb* < Pm* < La% 
C. Yb% < Pm% < La** < Ce* d. Pm% «La? < Ce% < Үр? 
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3. 
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Cerium (Z = 58) is an important member of the lanthanoids. Which of the following statements 
about cerium is incorrect? 


a. The common oxidation states of cerium are +3 and +4 

b. Cerium (IV) acts as an oxidizing agent 

c. The +4 oxidation state of cerium is more stable in solutions 

d. The +3 oxidation state of cerium is more stable than the +4 oxidation state. 


Lanthanoid contraction is caused due to 

a. the same effective nuclear charge from Ce to Lu 

b. the imperfect sheiding on outer electrons by 4f electrons from the nuclear charge 

c. the appreciable shielding on outer by 4f electrons from the nuclear charge 

d. the appreciable shielding on outer electrons by 5d electrons from the nuclear charge. 

Knowing that the chemistry of lanthanoids (Ln) is dominated by its +3 oxidation state, which 

of the following statements is incorrect? 

a. The ionic sizes of Ln (IIl) decrease in general with increasing atomic number 

b. Ln (Ill) compounds are generally colourless 

c. Ln (Ш) hydroxides are mainly basic in character 

d. Because of the large size of the Ln (III) ions, the bonding in ts compounds is 
predominantly ionic in character 

Which is not correct statement about the chemistry of 3d and 4f series elements? 

a. 3d-elements show more oxidation states than 4f-series elements 

b. The energy difference between 3d and 4s orbitals is very little 

c. Europium (11) is more stable than Ce (II) 

d. The paramagnetic character in 3d-series elements increases from scandium to copper 


The maximum oxidation state exhibited by actinoid ions is 


a. +5 D. +4 

C. +/ d. +8 

In aqueous solution, Еи?“ ion acts as 

а. an oxidising agent b. areducing agent 
c. either (a) and (b) d. none of these 
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9. The actinoids showing +7 oxidation state are 
a. U,Np b. Pu, Am 
c. Np, Pu d. Ат, Ст 
10. Across the lanthanoid series, the basicity ої the lanthanoid hydroxides 
a. increases b. decreases 
с. first increases and then decreases d. first decreases and then increases 


11. The reason for the stability of Gd** ion is 
a. 4f sub shell-half filled 
b. 4f sub shell-completely filled 
C. possesses the general electronic configuration of noble gases 
d. 4f sub shell empty 


12. Most common oxidation states shown by cerium are 
а. +2,+4 b. +3, +4 
C. +3, +5 d. +2, +3 


ANSWERS 





228 


UDODN 
UDAAN STUDY MATERIAL FOR CHEMISTRY - XII 


d & f BLOCK ELEMENTS 


d-block f block 


E? Configuration Lanthanoids 
Chemical reactivity 






Oxidation state 


Interstitial compounds 





Alloys 


Non-Stoichiometric 
Compounds 


Oxides/oxoanions 
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UNIT 9 


Coordination Compounds 


Learning Outcomes 


The learners will be able to 


know the postulates of Werner’s theory of Coordination Compounds 


understand the definations of central atom/ions, ligand, coordination number, oxidation 
number, coordination sphere, hamolepitc and heteroleptics 


learn and write the nomenclature of mononuclear coordination compounds 
explain the different types of isomerism in coordination compounds 


know the nature of bonding in coordination compounds in terms of valence bond and crystal 
field theories 


COORDINATION COMPOUNDS-| 


Double salts. These are the molecular compounds which exist only in the solid state and 
lose their identity when dissolved in water, i.e., they dissociate into simple ions completely 
when dissolved in water. In such compounds the individual properties of the constituent 
particles are not lost. For example aqueous solution of potash alum will give the tests for К", 
AI** and 50, ions. Some well known double salts are 


Potash alum K,SO,.Al,(SO,),.24H,O ог KAI(SO,), . 12H,0 
Carnallite KCI . MgCl, . 6H,0 
Mohr'ssalt FeSO, . (NH,),50, . 6H,0 


Coordination or complex compounds. These are the molecular compounds which retain 
their identity in the solid as well as in the dissolved state and their properties are completely 
different from those of their consituent particles. In aqueous solution, these compounds do 
not furnish all simple ions but instead give complex ions. For example, potassium 
argentocyanide does not form Ag* and CN: simpler ions but instead give argentocyanide 
complex ion [Ag(CN),] (which does not dissociate) 


Cationic complexes. A complex in which the complex ion carries a net positive charge is 
called cationic complex, e.g., [Co(NH,),]**, [Cu(NH,) ,]* 


Anionic complexes. A complex in which the complex ion carries a net negative charge is 
called anionic complex, e.g., [Ag(CN),], [Fe(CN),]^ 


Neutral complexes. А complex carrying no net charge is called a neutral complex or simply 
a complex e.g., [Ni(CO),], [Co(NH.),CI. ] 


Coordination entity: Central atom / ion (metal) to which a fixed number of other atoms or 
groups are attached (ligand). 


Coordination entity can be neutral or charged e.g. [Co(NH.),]** 


[CoCI(NH.). ]** central atom of ion = Co? 
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e Ligand. An ion or molecule which is capable of donating a pair of electrons to the central 
atom is called a coordinating group or ligand. The atom in the ligand which donates the 
electron pair is called the donor atom or ligating group. The common donor atoms are N, O, 
and halogens. The ligands containing one, two or more donor atoms are known as unidentate, 
bidentate, or multidentate respectively. 


Examples of bidentate (or didentate) ligands are: 
Ethylenediamine (en) or (ethane-1,2-diamine), NH,CH,CH,NH, 


0- О 
| | 
oxalate ion (ох) C,0,^, acetylacetonate ion (асас) CH, — C = CH — C — CH,, 
/ CH,COO- 
-QOCH,C | CH,COO- CH, —N 
hexadentate ligand N 
N — CH,CH, — N or CH,COO- 
-00CH,C CH,COO- y CCOO 
CH, — N 
CH,COO- 


Ethylenediaminetetraacetate ion (edta* ) 


e  Denticity of a ligand. The number of donor atoms or ligating groups from a given ligand 
attached to the same central metal atom is called the denticity of the ligand. 


e Chelating ligands. When a multidentate ligand simultaneously coordinates to a metal ion 
through more than one sigma electron pair donor site or group, a ring like structure is obtained. 
It is called a chelate and the ligand is known as chelating ligand. The process of formation of 
rings is called chelation. 


e Coordination sphere & Counter lons. The central atom/ion and the ligands attached to it 
are enclosed in square bracket and is collectively termed as coordination sphere and the 
ionizable groups written outside the coordination sphere is called counter ions etc. In 
K,[Fe(CN.)] 


[Fe(CN),|* is coordination sphere 
К° is counter ion 


e Coordination number: of the central atom/ion is the number of sigma bonds between the 
ligands and the central atom/ion. 


e рі bonds not considered for coordination number. 
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e Coordination polyhedra: the spatial arrangement of the ligand atoms which are directly 
attached to the central atom / ion. 





| L 
L L 
L ^, Кі | N P di 
AN ч М 
L 
aan uN | L L 
Octahedral Tetrahedral square planar 
L L 
E | 
Lo | VI a L L И, av L 
м a M * 
| L Pd м i 
L L 
Trigonal Square 
bipyramidal bipyramidal 


e Oxidation number of central atom: The charge that central atom/ion would carry if all the 
ligands are removed along with the electron pairs that are shared with the central atom. 


e Chelate effect. The stability of complexes is greatly increased by chelation. This is known as 
the chelate effect. The more the number of rings present in a complex, the more the stablity it 
acquires. For example [Cu(en),]** is less stable as it has only two rings in the structure. One 
the other hand, [Fe(edta)]^ is more stable as it contains five rings in the structure. 


e  Ambidentate ligands. Unidentate ligands containing more than one coordinating atoms 
e.g., NO, can coordinate through М as well as О, CN through С is well as М. 


e _ Homoleptic and heteroleptic complexes. Complexes in which the central metal atom or 
ion is linked to only type of ligands are called homoleptic complexes. For example, [Co(NH.),]*. 
The complexes in which the central metal atom or ion is linked to more than one kind of 
ligands are called heteroleptic complexes. For example, [Co(NH.) CI, |*. 


e . Homonuclear and polynuclear complexes. Complexes in which only one metal atom is 
present are known as homonuclear complexes. On the other hand, the complexes in which 
more than one metal atom is present are known as polynuclear complexes. 


Werner's Theory of Coordination Compounds 


Alfred Werner, a Swiss chemist proposed a theory about the nature of bonding in the coordination 
compounds (complexes) in the year 1893. The main postulates of this theory are: 
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e Metals possess two types of linkages (valencies). 


a) Primary or pinicipal or ionizable links (valency) which are the same as oxidation state of 
the metal. 


b) Secondary or non-ionizable links (valency) which are the same as co-ordination number 
of the central metal atom/ion. This number is fixed for a metal. 


e  Ametalatom satisfies both primary as well as secondary linkages (valencies). Primary linkages 
(valencies) are satisfied by negative ions whereas secondary linkages (valencies) are satisfied 
by ligands (neutral or negative ions/groups). 


e — Ligands satisfying secondary linkages (valencies) are directed towards fixed directions (spatial 
arrangements) giving a definite geometry to the complex but primary valencies are non- 
directional. Such spatial arrangements are called coordination polyhedra. Werner's theory 
could not explain why 


i) only certain elements possess the remarkable property of forming coordination 
compounds? 


ii) the bonds in coordination compounds have directional characteristics? 
ili) coordination compounds have characteristic magnetic and optical properties? 


Examples of ligand 


Name Formula Charge Donor atom/ Name given in the 
atoms complex 

Negative ligands 

(a) Unidentate 








Cyanide ion : CN- —| С cyano ог cyanido 

Halide ion X- (F, Cr, Br, F)  -1 X halido (flourido/ 
chlorido/bromido/ 
iodido) 

Hydride H- -1 H hidrido 

Nitro NO,- = N nitrito-N 

Nitrite ion ONO- —] 0 nitrito-O 

Nitrate ion NO, -1 N nitrato 

Hydroxide ion OH- —] О hydroxo 

Amide ion NH, -] N amido 

Thiocyanate ion SCN- —] 5 thiocyanato 

Isothiocyanate ion NCS- —] N isothiocyanato 

Acetate ion CH,COO- -1 0 acetato 
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Oxide ion 0% E 
Peroxide ion D E 
oulphide ion S2- 9 
Sulphite ion SO,” 9 
Sulphate ion S0,” 9 
thiosulphate ion 5,0,2- _2 
Carbonate ion С0,2- _2 
Imide ion NH?- 9 

(b) Didentate 

Oxalate ion (0x) je 29 

C00" 
Acetyl acetonate (acac) GH, = C- yn = 0 – LH, 4 


CH, 
ч 
age 
coo 
Dimethyl glyoxime CH -C=NO~ 
ion (dmg) СН, C= N 
ОН 
_CH,COO” 
ү” ~CH,COO- 
(c) Pentadentate oH 
Ethylenediamine is АРВ 
triacetate-ion (едїаз-) CHCOD 
~ CHO 
CH,-N— à 
(d) Hexadentate “O “CH COO 
Ethylenediamine CH-N^ CH:C00 
tetraacetate ion (edta-) “> ~CH.COO 


-1 


2 о о о ооу ооо 


Two O-atom 


Two O-atom 


one N and one 


O-atom 


one N and one O-atom 


Three O and 
two N atom 


Two N and 
four O atoms 
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OXO 
peroxo 
sulphido 
sulphito 
sulphato 
thiosulphato 
carbonato 
imido 


Oxalato 


acetylacetonato 


glycinato 


dimethylglyoximato 


ethylenediamine 
triacetato 


ethylenediamine 
tetraacetato 
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Neutral Ligands 





a) Unidentate 


Methylamine CH,NH, zero N Methylamine 
Ammonia NH, zero N ammine 

Water H,O zero 0 aqua 

Nitric oxide NO zero N nitrosyl 

Carbon monoxide CO zero 0 carbonyl 
Thiocarbonyl CS zero $ thiocarbonyl 
Phosphine zero P phosphine 
Triphenyl phosphine zero P triphenyl phosphine 
Thiourea (tu) zero 9 thiourea 

Pyridine (py) zero N pyridine 


b) Bidentate 


Ethylenediamine (en) zero Тмо N atoms ethylene diamine 


2,2-Dipyridyl(dipy) zero |. IwoNatoms dipyridyl 


Ortho-phenanthroline zero TwoNatoms phenonanthroline 





с) Tridentate 


Diethylene triamine 10— ЕЕН, zero ThreeNatoms diethlene tetramine 
(dien) HA ae Pts 

МН, NH; 
d) Tetradentate zero  FourNatoms triethylene tetramine 


H.NH(CH,).NH. 
| 


triethylene tetramine (trien = Hs 
CH,NH(CH,). NH, 
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Positive Ligands 

Hydrazinium ion NH, — NH; +1 N hydrazinium 
Nitrosonium ion NO' +1 N nitrosonium 
Nitronium ion NH; +H N nitronium 


Rules for naming mononuclear coordination compounds 
1. Order of naming ions 


The positive ion (cation) whether simple or complex, is named first followed by the negative 
ion (anion). The name is started with a small letter and the complex part is written as one 
word. 


2. Naming ligands 


i) Negative ligands (organic or inorganic) end in —O, eg, CN- (cyano), Cl (chlorido), Br- 
(bromido), F- (fluorido), NO,- (nitro), OH- (hydroxo), 0° (oxo), H- (hydrido). 


If the name of the anionic ligands ends in —ide, —ite or —ate, the last ‘е’ is replaced by 'O' 
giving —ido, —ito and —ato eg, 50,2 (sulphato), C,0,* (oxalato), NH,- (amido), NH* 
(imido), ONO- (nitrito). 


ii) Neutral ligands have no special ending, NH, (ammine), H,O (aqua), CO (carbonyl) 
iii) Positive ligands (which are very few) end in -ium, NO* (nitrosoium), NO,” (nitronium) 
3. Numerical prefixes to indicate number of ligands 


If there are several ligands of the same type, the prefixes like di, tri, tetra, penta and hexa are 
used to indicate the number of ligands of that type. 


When the name of polydentate ligand includes a number e.g., ethylendediamine, then bis, tris, 
tetrakis are used as prefixes. 


4. Order of naming of ligands 


All ligands whether negative, neutral or positive are named first in the alphabetical order 
followed by the name of the metal atom/ion. 


5. Naming of the complex ion and ending of the central atom 
Ligands are named first followed by the metal atom. 


a) Ifthe complex ion is a cation or the coordination compund is non-ionic, the name of the 
central metal ion is written as such followed by its oxidation state indicated by Roman 
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numeral (such as Il, Ill, IV) in the parentheses at the end of the name of the metal 
without any space between the two. 


b) If the complex ion is anion, the name of the central metal atom is made to end in-ate 
followed by the oxidation number in brackets without any space between them. 
Rules for Writing Formula from the Name of the Mononuclear Complex 


e Formula of the cation (whether simple or complex) is written first followed by that of the 
anion. 


e Тһе formula of the complex ion (coordination entity) (whether charged or not) is written in 
square brackets called coordination sphere. 


e Within the coordination sphere, the symbol of the metal atom is written first followed by the 
symbols/formulas of the ligands arranged alphabetically according to their names irrespective 
of the charge present on them. 

While listing the ligands alphabetically, the following rules should be followed: 
i) Polydentate ligands аге also listed in the alphabetical order. 


ii) The position of abbreviated ligands in the alphabetical order is determined from the first 
letter of the abbreviation. 


iii) The position of ligands with special names (such as aqua for water) in the alphabetical 
order is determined from the first letter of the special name. 


iv) Abbreviations used for the ligands and the formulas of the polyatomic ligands are enclosed 
in parentheses separately. 


v) The metal atom as well as all the ligands are listed without any space between them. 
e . |fthe formula of the complex ion is to be written without writing the counter ion, the charge on 


the complex ion is indicated outside the square bracket as a right superscript with the number 
before the sign. For example, [Fe(CN),]*, [Cu(NH.),]*, etc. 


e Тһе number of cations or anions to be written in the formula is calculated on the basis that 
total positive charge must be equal to the total negative charge, as the complex as a whole is 
electrically neutral. 


Example : Tetraammineaquachloridocobalt(III) chloride has complex ion = [Co(NH.),(H,O)CI] 
and simple ion = CI 


To balance the charge, the formula will be [Co(NH.),(H,O)CI]CI, 
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ISOMERISM IN COORDINATION COMPOUNDS 


Two or more chemical compounds which have identical chemical formula but different structures 
are known as isomers and the phenomenon is known as isomerism. The isomers have different 
arrangements of ligands around the central metal atom. It can be further classified into two types: 


1) 


Structural Isomerism 


a) 


lonisation isomerism: lonisation isomerism occurs when compounds with same 
molecular formula give different ions in the solution, for example, 


[CoBr(NH,), ^S ?- and [CoSO,(NH,),]*Br- 
[Pt(NH.), CI, ]Br, and [Pt(NH,),Br, ]CI, 


Hydrate isomerism: The isomerism occurs when some ligand H,O molecules becomes 

water of hydration outside the coordination sphere, e.g., three hydrate isomers of 

CrCl,.6H,0 are [Cr(H,O),JCI,, [CrCI(H,0). UI. H,O and [CrCl (H,0),]CI.2H,0. 

Linkage isomerism: This isomerism takes place when a monodentate ligand has two 

possible donor atoms and attaches in two different ways to the central metal atom. Such 

ligands are known as also ambidentate ligands. For example, nitro (МО) and nitrito (- 

ONO-), cyano (-CN-) and isocyano (-NC-) 

Linkage isomerism is found іп [Cr(H,O),SCN]* and Cr(H,O). МС] 

[Co(NO,) (NH.).]Cl, and [Co(ONO) (NH.). сї, 

Coordination isomerism: This isomerism is shown by compounds in which both the 


cation as well as anion are complexes and ligands may interchange their positions between 
the two complex ions. Fo example, 


[Co(NH.),] [Cr(C,0,).] and [Cr(NH.).] [Co(C,0).] 
[Cu(NH,),] [PtCI,] and [Pt(NH.),] [CuCl] 


otereo-isomerism: In stereo-isomerism, the isomers differ only in the spatial arrangement 
of atoms or groups about the central metal atom. It is also known as space isomerism. It can 
be further classified into two types: 


a) 


Geometrical isomerism: This isomerism is due to the difference in geometrical 
arrangement of the ligands around the central atom. When similar ligands are on adjacent 
positions, it is known as cis form and when these are in the opposite positions, it is 
knowns as frans-form. Thus, this is also known as cis-trans isomerism. 
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Geometrical isomerism in complexes with coordination number 4 : Tetrahedral 
complexes do not show this isomerism as the relative positions of the atoms, with 
respect to one another will be the same. Square planar complexes show geometrical 
isomerism. Compounds of the type MA,B,, MA,BC and MABCD show cis-trans 
isomersim. For example, [CoNH.),CIBr], [Co(NH,),Cl,] and [Pt(NH,),Cl,] show 
geometrical isomerism, In tans isomer, identical groups or ligands are situated across 
the central metal ion while in the c/s isomer, the identical groups are situated on the 


same side of the central atom fixing the position of one of the ligands. 
oquare planar complexes (coordination number = 4) 


1. MA,B, type 


m i ЖАЗАЛАДЫ ЫЫ, Н 
FGETS E НН ^ 2n 
MC ey f ^ ue. Н 
/ X pe / j X p- р 
Н P Pt I i "s FE , 
П a a f / d к i 
M К L^ NS ] 
L 
dmm ms um sans йрн sn m s ЦА. ч. 
inii EE "NH, NH* Cl 
trans-somer 


(Similar groups on adjacent positions) (Similar groups on opposite positions 


2. MA, BC type 


NH Р 
гана 7216 усет MH 
i t Н H / 
F га i тз М Pu Fr 
i П 
Ё a н F i Lj 
р an ae П / b" / 
Ё i ^» 
Le ee x ed M. Barea ins tests =e 4 
БЫ? 
б cis ү c trans y 
[Similar groups on adjacent positions) (Similar groups on opposite positions) 
3.  MABCD type PEREARST s 
RN тенме MDC НЧ 
: u ї ? 7M ч a Ne / 
LUN EU um oU ports] 
БС» э И сМ pro tn M 
D trans D gg C С gg D 
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Geometrical isomerism in complexes with coordination number 6: 
Octahedral complexes of the type MA,B,, MA,BC, M(AA),B,, M(AA),BC, MA,B, exist as c/s and 
trans isomers. For example, [Co(NH,),Cl,] has the two geometrical isomers. 


Octahedral Complexes (Coordination number = 6) 





1. MA,B, or MA,B, type 
Cl Gl 
HN „ d MUR. GI HN.. si NUR ,NH. 

ГМ LU і ^ Т. 

| 5 E a ! Ц а xL Ц 

Cr : Eres td 

tet Gee outer fe 

BE epee aes Ег к: SEL МН 
| Gl 
olg- islet trans-(üareen) 
2. [M(AA),B,] or [M(AA,),BC] type 
Г С к G Ы 
„кты ee С ote ee ar, 
ra PN „7 A М 
e BER Le M M as 
S i ch Wc dm 
i А і | 
x e: : ALLES | a Уу Ds AMA RUNI | М РА 
L5 | 
cis-form | Cl 
transform 





3. MA,B, type 
Facial and meridonial isomerism : Another type of geometrical isomerism occurs in 
3 


octahedral coordination compounds of the type MA,B, like [Co(NH.),(NO.).]. If three donor 
atoms of the same ligand occupy adjacent positions at the corners of an octahedral face, we 
have the facial (fac) isomer. When the positions are around the meridian of the octahedron, 


we have the meridional (mer) isomer. 


Py Py 
ND TN Л 
p ! l 
a. | І : 
pO€. І | І 
у^ І | | 
j| M Rh ; І Аһ ; 
І | 1 
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P NERA NS. 1 A ___ EON 1 
осет р Cl я С! 
UM | 
Cl P 
trans-or mer-isomer 


cis-or fac-isomer 
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b) Optical Isomerism: The molecules which do not have a plane of symmetry (i.e., chiral 
molecules), exhibit optical isomerism. The optically active isomers known as enantiomers 
or enantiomorphs, are non superimposable mirror images of each other and rotate the 
plane of polarised light equally but in opposite directions. Those which rotate the plane 
towards the right are called dextro rotatory (d) or (+) while those which rotate towards 
the left are called laevorotatory (1) or (-). Complexes which have coordination numbers 
4 and 6 show this type of isomerism. 


Complexes in which at least one chelating ligands is present exist as a pair of enantiomers 
and have been isolated. Complexes of the type M(AA)X, Y, e.g., [Co(en),(NH,),CI,]*. 


Octahedral complexes of the type [M(AA),XY] and [M(AA),X,] can also be resolved into a 
pair of enantiomers. [Here (AA) is a symmetrical bidentate ligand and X and Y are 
monodentate ligands]. The complexes of these types exist as cis and trans isomers. The 
trans isomer is symmetrical and does not show optical isomerism while cis isomer is 
unsymmetrical and shows optical isomerism. In such cases, a total of three isomers are 
possible. seat oe of some other compounds, showing optical isomerism, are 
[Co(en)(NH,),Cl,], [Co(en),Cl,]*, [Rh(en), CI, ]* 
1. [M(AA),] type 
2. [M(AA),B,] or [M(AA),BC] type 

( 





3. [M(AA)B,C,] type 
P En | — OK - 
| pum [^mm caer т 
Mcd p Жы ннн prj ci rem Heime m її feo eee 
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solved Examples 


1. 


Ans. 


Which one of the following has an optical isomer? 
(en = ethylenediammine) 

1) [Zn(en)(NH,),]* 

2) [Co(en),]** 

3) [Co(H,0),(en)]* 

4) [Zn(en),]* 


strategy: Optical isomerism is common in octahedral complexes involving 2 or 3 symmetrical 
bidentate groups. 


Optical activity has been observed for chelated tetrahedral and square planar complexes but 
only rarely. 


solution: [Zn(en)(NH.),]* and [Zn(en),]** are square planar complexes so optical inactive 
[Со(Н,О) (еп) * optically inactive as there is a plane of symmetry. 


Complex [Со(еп), ]°* has no plane of symmetry and centre of symmetry, so optically active 
(non superimposable mirror images) 


(2) 


Which among the following will be named as dibromidobis-(ethylenediamine) chromium (111) 
bromide? 


1) [Cr(en),]Br, 
2) [Cr(en),Br,]Br 
3) [Or(en)Br,}- 

( 


4) [Cr(en)Br,]Br 


strategy: determine the number of Br, en in the given complex dibromidobis-(ethylenediamine) 
chromium (IH) bromide, calculate the charge on the complex. 


solution: there are two Br, two (en) one Cr in the complex (Coordination entity) 
The charge on the complex is +1 
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[2(Br) = -2, 2 (en) = 0, 1 Cr = +3] 
The charge on the complex is balanced by the counter ion (Br) 
Thus the complex is [Cr(en),Br,]Br 
Ans. (2) 
PRACTICE QUESTIONS 


1. The correct name of the compound [Cu(NH.),](NO.), according to IUPAC system is 
a. Ccuprammonium nitrate 
b. Tetrammonium copper (11) dinitrate 
c. tetraamminecopper (Il) nitrate 
d. tetrammine copper (11) dinitrite 


2. The IUPAC name of the coordination compound K.[Fe(CN),] is 
a) potassium hexacyanoferrate (III) 
b) potassium hexacyanoferrate (11) 
c) tripotassium hexacyanoiron (11) 
d. potassium hexacyanoiron (Il) 


3. The IUPAC name for the complex [Co(NO,)(NH,),]CI, is 
a. pentaammine nitrito-N-cobalt (Il) chloride 
b. pentaammine nitrito-N-cobalt (111) chloride 
c. nitrito-N-pentaammine cobalt (III) chloride 
d. nitrito-N-pentaammine cobalt (Il) chloride 


4. Тһе IUPAC name of [Ni(PPh.), CI, ] 
a. dichlorido (triphenyl phosphine) nickel(ll) 
b. dichloridobis(triphenylphosphine) nickel(ll) 
c. dichlorotriphenyl phosphine nickel (11) 
d. triphenylphosphine nickel (Il) chloride. 


о. The IUPAC name of the following compound [Cr(NH,),(CO.)]CI is 
а. pentaamminecarbonatochromium(lH) chloride 
b. pentaamminocarbonatochromium(l) chloride 
c. pentaamminocarbonatochromium(Il) chloride 
d. pentaamminecarbonatochromium(IV) chloride 
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6. Coordination number and oxidation number of Cr in K,[Cr(C,0,),] are, respectively? 
а. 4and +2 b. бапа +3 
с. Запа +3 d. Запад 
7. Which of the following is a mixed salt? 
a. CaQCl, b. Cus0,.4 NH, 
с. AgCI. 2 NH, d. PtCl,.o NH, 
8. Тһе ligand N(CH,CH,NH,), is 
a. tridentate b. pentadentate 
с. tetradentate d. bidentate 
9. Which of the following is a negatively charged bidentate ligand? 
a. Dimethylglyximato b. Cyano 
c. Ethylenediamine d.  Acetato 
10. One mole of the complex compound Co(NH,),Cl, gives 3 moles of ions on dissolution in 
water. One mole of the same complex reacts with two moles of AgNO, solution to yield two 
moles of AgCI (s). The structure of the complex is 
а. [Co(NH.,),Cl,] . 2NH, b. [Co(NH.),CI, JUI . NH, 
c. [Co(NH.),CI]CI, . NH, d.  [Co(NH.).CI]CI, 
11. In the coordination compound K,[Ni(CN),], the oxidation state of nickel is 
a. 0 b. +l 
C. +2 d. -1 
12. The correct name for the complex [Cr(NH.).] [Co(C,0,).] is 
a. hexaamminechromium (Ill) trioxalatocobalt (lll) 
b. hexaamminechromiate (111) trioxalatocobalate (111) 
c. hexaamminechromium (Ill) trioxalatocobaltate (III) 
d. hexaamminechromate (Ill) trioxalatocobalt (III) 
13. Oxidation state of iron in [Fe(H,).NO] SO, is 


a. +l b. +42 
C. +23 d. +4 
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14. Which of the following cannot show linkage isomerism? 
a. №? b. SCN” 
c. ON d. NH 


3 
15. The oxidation states of Co and Cr respectively in the following complex 
[Co(NH,),]°* [Cr(NH,),]*, [Cr(NH,),Cl,], are 
a. +3, +4 b. +3, +2 
C. +2, +3 0. +3, +3 


ANSWERS 
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COORDINATION COMPOUNDS-II 
Valence bond theory 


According to valence bond theory, the metal atom or ion under the influence of ligands can use its 
(n—1)d, ns, np or ns, np, nd orbitals for hybridisation to yield a set of equivalent orbitals of definite 
geometry such as octahedral, tetrahedral, square planar and so on. 


1. Inner orbital octahedral complex- When the complex formed involved inner (n-1)d orbitals 
for hybridisation (d^sp?). Electrons are made to pair up so complex will be either diamagnetic 
or has less unpaired electrons. It is a low spin complex. Eg. [V(H,0),]**, [Co(NH,),]** 


2. Outer orbital octahedral complex- When the complex formed uses outer d orbitals for 
hybridisation, (sp?d^), it has large number of unpaired electrons. It is a high spin complex. Eg. 
[CoF.]*], [Fe(H,0), ]** 


Types of Distribution 
number hybridisation of hybrid 
orbitals in 


space 





FORMATION OF OCTAHEDRAL COMPLEXES 
1. [Fe(CN),]* 


Fe atom (Z = 24) 
in ground state 


Fe" ion [ МЕ ЕП | | | 1] 

ш NINII T 

orbitals of Fe" ion ш LII] 
Six empty а? sp? hybrid orbitals 


Formation of 
[Fe (CN) BET ИЕЫ [xx xx xx 
—_ ~ 


Six pairs of electrons from six CN ions 
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2. [CoF,]* 
3d As 4p 4d 
tad ar ш CO иннин 
in ground state IR LET 
Co"'ion EAL ELLA | | NEN LLL LU 
meses ШО CO CITT 
orbitals of Co” ion 
— 
Six empty sp°d? hybrid orbitals 
Formation of 
СО ions MTT xxe | | 
a ge eie 
Six electron pairs donated by six F ions 


FORMATION OF SQUARE PLANAR COMPLEXES 


[Ni (CN) „|? „ ‚ " 
S 
сосе BIBIRITIT: Ш T 
Ni” ion МИМ [| Г 
voro — [ШЇ И g Ol 
dsp^ Hybridisation 

INC FINIS 

Se 

Four electron pairs donated by four CN’ ions 

FORMATION OF TETRAHEDRAL COMPLEXES 
1. [Ni(CO),] 


3d 4s 4p 
Atomic orbitals 
of Ni (Z = 28) МИТ ty | I] 
Hybridised sp° 
orbitals of Ni ИТИНИ [|] Г 
——————À 


- | sp’ Hybridisation 

ormation o 

[Ni (0) ШИШ {И [хх | 
Wee eee, eee 


Four electron pairs 
donated by four CO molecules 
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2. 


[Zn(NH.,) ,]* 


Zn atom (Z = 30) 3d As Ap 

n atom (Z = 

in ground state NINININI ty | | | | | 

ui МИИ [| Ц 

sp’ hybridized 

orbitals of Zn” ИБ ЇЇ! [] LLLI] 
Four empty sp" hybrid orbitals 


Formation of 
Pi ШИШИ 
7 ecu 


Four electron pairs donated by 
four : NH, molecules 


Limitations of Valence Bond Theory 


The limitations of the valence bond theory are given as under : 
It does not explain the relative energies of different structures. 
It offers no explanation of the colour observed for complex ion. 
It cannot predict whether a 4-coordinate complex will be tetrahedral or square planar. 
It does not take into account the splitting of d-energy levels. 
It does not explain the spectra of complexes. 


CRYSTAL FIELD THEORY 


The splitting of five degenerate d-orbitals of metal ion under the influence of approaching 
ligands, into two sets of orbitals having different energies is called crystal field splitting. 
The magnitude of difference in energy between the two sets of orbitals (e, and t, ) Is 
usually designated as A, where the subscript (О) stands for octahedral. A, is called the 
crystal field splitting energy in an octahedral field. 


The magnitude of A, depends upon the nature and the oxidation state of metal and 
nature of ligands. Some ligands produce greater crystal field splitting (A,) than the 
others. Such ligands are called strong field ligands while the others which produce less 
splitting are called weak field ligands. On the basis of crystal field splitting energy, some 
common ligands in increasing order of their field strength are listed below. It is known 
as spectrochemical series. 


| < Br < CI < F < ОН «C0, <H,0 < NH, < en < NO, < CN < CO 
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oplitting of orbitals takes place in different manners in the case of tetrahedral and 
square planar complexes. In tetrahedral complexes, the splitting takes place in just the 
reverse manner. Here t,, orbitals occupy higher energy and e, orbitals occupy lower 


energy. 


2,2, 0, (е,) 






—————————— A, Or 10 А, 
а Average energy ої d, d,, 0, (0) 
d-orbital in free ion d-orbitals in spherical Splitting of d-orbitals in 
crystal ?eld an octahedral crystal ?eld 


Splitting of ?ve d-orbitals in an octahedral crystal ?eld 


do; d,» d, (t) 


Energy 
| 
| 
| 
l 
l 
| 
| 
l 
l 
| 
| 
І 
| 
| 

Б 





ERE à; Average energy of d,2-,2, d? (е,) 
о d-orbitals in spherical Splitting of d-orbitals in 
crystal ?eld an octahedral crystal ?eld 


Splitting of ve d-orbitals in a tetrahedral crystal ?eld 


For d^ configuration: 


1. 
2. 
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If A, < P, 4th electron will enter e, orbital, t, Зе 1. Ligands for which A, < P are weak field. 


If A, > P, 4th electron will pair up in t, ^. Ligands for which A, > P are strong field ligands. 
0 20 0 


Applications of CFT 

1. Magnetic behaviour 
Paramagnetic- Unpaired electrons are present. 
Diamagnetic- All electrons are paired. 
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2. Colours: Now consider the complexes of cobalt with different ligands such as 
[Co(H,0),]**, [Co(NH.),]** and [Co(CN),]*-. The crystal field splitting of the ligands is in 
the order H,O < NH, < CN- (from spectrochemical series) and the excitation energies will 
be in the order [Co(H,0,)]** < [Co(NH.).]* < [Co(CN),]* 


AC 
The wavelengths absorbed will be in the opposite order as E = 4 The complementary 


colours will be transmitted as shown below in the table and are different for different 


ligands. 
Complex [Co(H,O), ** [Co(NH.),]* [Co(CN). |*- 
Colour absorbed Orange Blue Violet 
Colour transmitted Blue Yellow orange Yellow 


Also the colour of the complex changes with the concentration of the ligand. To illustrate 
this, take [Ni(H,O),]** complex (obtained on dissolving nickel chloride in water) and add 
more and more of didentate ligand ethane-1, 2-diamine into it. The following changes in 
colour take place. 


Ni?* : (en) molar ratio Reaction and colour changes 


[Ni (H,O), ** (aq) + en (aq) ——» [Ni (HO), (еп) ]°* (aq) +2 H,O 


Green Pale blue 


[Ni(H,O), (еп) ** + en (aq) ——» [Ni(H,0), (en); ]** (aq) + 2 H,O 
Plae blue Blue/Purple 


[Ni(H,O), (en), ]2* (aq) + en (aq) ——» [Ni(en).]** (aq) + 2 HO 
Blue/Purple Violet 





ORGANOMETALLIC COMPOUNDS 


These are the compounds in which a metal atom or a metalloid (Ge, As, Sb, Te) or anon-metal atom 
like B, Si, P etc. (less electronegative than C) is directly linked to a carbon atom of a hydrocarbon 
radical or molecule e.g. (C,H.),Zn, CH,B(OCH.,), are organometallics. 


Types of Organometallic Compounds 
Based on the nature of metal-carbon bond, they are classified into two types: 


1. o-bonded organometallic compounds. These are formed by main group (s- and p-block) 
elements non-metallic and metalloid elements and Zn, Cd, Hg through a normal 2 electron 
covalant bond. Examples are: R-Mg-X, (С,Н,),2п, (CH,),5n, (CH,),Si, 
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2. m-bonded organometallic ompounds. These are formed mainly by transition elements. 


Example : ferrocene, dibenzene chromium 


3. cand x-bonded organometallic compounds (Metal carbonyls) Organometallic compound 
which contains only carbonyl ligands are homoleptic carbonyls [Fe(CO),], [Ni(CO) | 





T T CO CO 
OC 
ES CO 
LANI Sf—0C0 06] | 
OC CO OC | oho 
CO CO 06 gc co CO 
Ni(CO), Fe(CO), [Co,(CO).] 
Tetrahedral Trigonal bipyramidal 
| [ CO i CO 
CO CO 
Nor осм М — co 
Co^ | “со Е | 
со co 0 со 
Cr(CO), octahedral [Mn,(CO),,] 


Bonding in metal carbonyls-M-C bonds in metal carbonyls have both o and x character. 


o Overlap-Donation of lone pair of electrons on carbon into vacant d orbitals on metal leading to 
formation of metal-carbon c bond. 


л overlap-Donation of electrons from a filled metal d orbital into vacant antibonding p orbital forming 
metal carbon z bond. 


solved Examples 
1. Which of the following facts about the complex [Cr(NH.),]Cl, is wrong? 
1) The complex involves d*sp? hybridization and is octahedral in shape. 
2) The complex is paramagnetic. 
3) The complex is an outer orbital complex. 
4) The complex gives white precipitate with silver nitrate solution. 


Ans. (3) Hint: [Cr (NH,),] Cl, uses inner (n-1) d orbitals and hence an inner orbital complex involving 
d^sp? hybridization (octahedral shape) 


2. Geometrical shapes of the complexes formed by the reaction of Ni**, with Cl, CN, and H,O 
respectively are 
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— 


) octahedral, tetrahedral and square planar 
) tetrahedral, square planar and octahedral 
3) square planar, tetrahedral and octahedral 
4) octahedral, square planar and octahedral 


NO 


Ans. (2) Hint: Reaction of Ni* with CN- forms [Ni(CN),]* complex having dsp? hybridisation (shape 


Square planar) 


Reaction of Ni* with Cl forms [NiCl,]* complex having sp? hybridsation (shape tetrahedral) 


Reaction of Ni* with H,O forms [Ni(H,0),]** complex having octahedral shape. 
PRACTICE QUESTIONS 


1. 


Amongst the following, the lowest degree of paramagnetism per mole of the compound at 298 
K wil be shown by 


a. Mn$0, .4H,0 b. Cu$0, .5H,0 
c. FesQ, .5H,0 d. NisO, . 6H,0 


Amongst Ni(CO),, [Ni(CN),]* and МО, 

a. Ni(CO), and NiCI,* are diamagnetic and [Ni(CN),]* is paramagnetic 
b. [NiCI,]|* and [NiCN),]* are diamagnetic and Ni(CO), is paramagnetic 
c. МСО), and [Ni(CN),]* are diamagnetic and [NiCI,]* is paramagnetic 
d. Ni(CO), is diamagnetic and [NiCI,]* and [Ni(CN),]* are paramagnetic 
Among the following ions, which one has the highest paramagnetism? 

a. [Cr(H,0),]** b. [Fe(H,O),]* 

с. [Cu(H,0),]** d. [Zn(H,0),]* 


Which of the following is formed when excess of KCN is added to acqueous solution of 
copper sulphate? 


a. Cu(CN), b. K,[Cu(CN),] 
c. K[Cu(CN),] d. K,[Cu(CN),] 
The complex ion which has no d-electrons in the central metal atom is 
a. [MnO;] о.  [Co(NH,),]* 
c. [Fe(CN),]* d. [Cr(H,O),* 
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6. The compound having tetrahedral geometry is 
a. [Ni(CN),]* b. [Pd(CN),]* 
c. [PdCl,]* d. [МС 
7. pin only magnetic moment of the compound Hg[Co(SCN),] is 
a. 43 D. 15 
с. 24 d. 48 
8. Among the following metal carbonyls, the C-O bond order is lowest in 
a. [Mn(COQ),]* b. [Fe(C0),] 
c. [Cr(C0).] d. [V(CO)] 


9. Both [Ni(CO),] and [Ni(CN),]* are diamagnetic. The hybridisations of nickel in these 
complexes respectively, are 


a. Sp?, sp? b. Sp, dsp? 
с. dsp?,sp? d. dsp?, dsp? 


10. Among the following, the coloured compound is 
a. Сиб! b. K,[Cu(CN),] 
Cc. CuF d. [Cu(CH,CN),|BF, 
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UNIT 10 


Organic compounds containing Halogens 


Learning Outcomes 
After studying this unit, the student will be able to 


e classify organic compounds containing halogen as alkyl, aryl, allylic, benzylic and vinylic 
halides and also name them according to IUPAC nomenclature 


e understand the various reactions involved in the preparation of alkyl and aryl halides 


e correlate the gradation in melting, boiling points and other physical properties with 
different halogens 


e discuss the chemical reactions of alkyl and aryl halides and understand the mechanisms 
involved in various substitution and elimination reactions 


e understand the stereochemistry involved in reactions of halides 
e explain the formation of organometallic compounds and appreciate their importance 
e learn about the uses and environmental effects of some polyhalogen compounds 


ORGANIC COMPOUNDS CONTAINING HALOGENS 
Alkyl Halides (Haloalkares) and Aryl Halides (Haloarenes) 


Classification: 


Alkyl halides (halogen atom is attached to sp? hybridised carbon atom) and aryl halides (halogen 
atom is attached to sp? hybridised carbon atom) both are classified as mono-, di-, tri- or polyhalogen 
derivatives depending on the number of halogen atoms present in their structure. 


a) Alkyl halides - General formula is © H, X 


n 2n41 


e (Classified as primary (1°), secondary (2°) or tertiary (3?) depending on if the 
halogen is attached to a primary, secondary or tertiary carbon atom. 


| i | 
R— C —X R— C —X R— С —X 
| | | 
Н Н R 
1° alkyl 2° alkyl 3° alkyl 
halide halide halide 


e  canalso be classified as geminal or vicinal dihalides deeanding on whether the two 
halogen atoms are present on the same carbon atom (geminal) or on adjacent 
carbons (vicinal) 
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| 
R— | —Х nc 
X X X 
geminal vicinal 
dihalide dihalide 


b) Allylic halides - halogen atom is attached to that sp? hybridised carbon atom which is 
next to a carbon-carbon double bond i.e. to an allylic carbon atom 


| 
CH, = CH - СНХ О 


c) Benzylic halides - halogen atom is attached to that sp? hybridised carbon atom which 
is bonded to an aromatic ring 


HX 


Q 


d) Vinyl halide - halogen atoms is attached to an sp? hybridised carbon atom of a double 


bond. 
X 
H,C = СНХ, CY 


e) Aryl halide - halogen atom is directly attached to the sp? hybridised carbon atom of an 
aromatic ring 


Nomenclature 
In the common system, the alkyl group is named first followed by the halide as two 


separate words e.g., isopropyl bromide - on c CH, tert.butyl chloride - 


Br 
ik CH, 


| 
MU — CH,” Isobutyl iodide CH,— CH—CH, —| 
Cl 
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2. 
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For aryl halides, haloarenes are the common as well as IUPAC names of aryl halides. 
For dihalogen compounds the prefixes o-, m-, p- are used їп common system and 
numbers 1, 2-; 1, 3-; 1, 4-; are used in IUPAC system. IUPAC nomenclature has ben 
discussed in detail earlier. 


METHODS OF PREPARATION 
From alcohols 
a. by halogen acids, 
R — OH + HX ——o R - X + Н,0 
rate : HI > HBr > HCI 
tertiary (3°) > secondary (2°) > primary (1°) 


e Since НСІ is least reactive it requires the presence of anhydrous Encl, for the 
reaction 


e This reaction forms the basis of Lucas test which is used to distinguish between 
pri, sec., and tert alcohols 


b. by phosphorus halides, 
R — OH + PX, —— R - X + POX, + НХ 
3 R ОН + PX, — ЗА - X +H, РО, 
e Chloro alkanes are obtained by the direct reaction with PCI, or PCI, 


e Pi, and PBr, are generated in situ by the reaction of red phosphorus with 
iodine or bromine respectively 


c. by thionyl chloride 
R — OH + 500, ——— R - Cl +80,(g) + HCl(g) 


e Advantage of using SOCI, is that the side products being gases, separation of 
product becomes easy. 


The preparation of aryl halide from phenols becomes difficult since the carbon-oxygen 
bond in phenols has a partial double bond character and hence is difficult to break. 


By free radical halogenation of alkanes 
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hv 
R — H + X, —— А-Х + H — X (mixture of mono-and poly halo compounds is obtained) 


e.g. CH,CH,CH, 62" >CH,CH,CH,Cl + CH,CH - CH, - CH, - CH, - CHCI, + CH,CHCcl, 
| 
С 


Order of ease of replacement of a hydrogen atom is: 
Tertiary > Secondary > Primary > CH, 


e  FHuorination is difficult because of high reactivity of fluorine and reaction 
becomes difficult to control. So alkyl fluorides are prepared indirectly by treating 
alkyl chlorides with AsF., Hg,F, or SbF, 


e  lodination is also difficult because of the low reactvirty of iodine. Secondly НІ 
which is formed during the reaction is a strong reducing agent and reduces 
alkyl iodide back to hydrocarbon. Thus iodination can only be carried out in the 
presence of oxidizing agents like HNO., HIO, or HIO,. These oxidizing agents 
react with НІ and oxidize it to iodine thus preventing the reverse reaction. 

CH,CH, + 1, > СН,СН + HI 
OHI + HIO, > 3l, + 3H,0 


3. (i) By addition of halogen acids to alkenes 


'' 
wer > R-CH-CH, 
R-CH-CH— А 
Г 
peroxide R-CH,-CH,-Br 


e order of reactivity is HI > HBr > НСІ > HF 


(ii) By addition of halogens to alkenes 
R—CH=CH,+Br, ———>R— н 


| 
Br Br 


4. Hunsdiecker reaction 
RCOOAg —Ż>>R — X + AgX + СО, 


e Specifically used for preparation of bromo compounds. 
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9. Finkelstein reaction (Halogen Exchange) 


Nal Е 
chloro/bromoalkanes = => iodoalkanes 


он,Вг ———> CH] 


Acetone 3 
6. Swarts reaction 


Hg.F, or Соғ, 


Chloro/bromoalkanes > alkyl fluorides 
or AgF or SbF, 


CH,Br + AgF —_—_> CH,F + AgBr 
CH,CH,CI + Hg,F, ———> CH,CH,F + Hg,Cl, 
/. Allylic halogenation 
= = CICH,-CH-CH, 
снон-0н,— І eM 
Г; 
ws > BICH,-CH=CH,+HBr 
Preparation of aryl halides 


1. By direct halogenation 


T 


anhy AICI, or 
——————— 
+ Cl, anhy FeCl, or Fe + HCl 


e Вготоагепеѕ are also prepared similarly but iodoarenes can not be prepared by 
direct iodination as explained earlier for iodoalkanes. However reaction can be carried 
out in presence of oxidizing agents 


| 
AgClO, 
© +, ——— ©) + Agl + HCIO, 


2. From Diazonium salts, 
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e  Diazonium salts are obtained from amines by diazotization, 


ш 
273-278К 
СО] +NaNo, + но “> 


Diazoniom salt 


Further they give halides as follows, 


By Sandmeyer reaction 


NCI СІ 


N= 
| | | 
|) CuCI/HCI 
(9) 297» On 


CuBr/HBr 
| О |+ №, 


PHYSICAL PROPERTIES 
1. Boiling point 
e increase with increase in mass and size of halogen 
CHF < CHCl < CH.Br < CH, 


bp(K) : 195 249 2[[ 315 
F Cl Br | 
| | | | 
(9) « (9) « (9) ‹ (9) 
bp(K) : 195 249 2[[ 315 
e increases with increase in size of the alkyl group 
CHCl < CH,CH,CI < CH,(CH,),Cl <  CH,(CH,),CI 
bp(K) : 249 205.5 320 351.5 
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e for isomeric alkyl halides, decreases with branching 


СН,(СН,),СІ > (CH,),CHCH,CI > CH,CH,CHCICH, > (CH,),C-CI 


bp(K) : 351.5 342 341 324 
e increases as the number of halogen atoms increases 
CH,CI < CH,CI, < CHCI, < CCl, 
bp(K) : 249 313 334 350 


e B.pts of O°", m and p isomers are close to each other and thus they can not be 
easily separated by distillation. 


2. Melting point 
Melting point of para isomer is always higher than o- and m- isomer because p- isomer 
being symmetrical fits well into the crystal lattice. As a result, intermolecular forces of 
attraction are stronger and hence p- isomer melts at higher temperature. 


CI 
Cl Cl | 
| C | o 
P 
Со] OF CI 
mp(K) 256 249 323 


E o o О CI 
TET (m (Bea 
p-dichlorobenzene o-dichlorobenzene m-dichlorobenzene 
(u=0) (u=2.54D) (u=1./2D) 
symmetrical angle between two Cl angle between two CI 
atoms is 60° atoms is 120° 


Dipole moment of o-and m-isomer decreases as the angle between the two halogen atoms 
Increases 


и= NX. +X +2X Cosa 
p«m«o 
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Dipole moment of chlorobenzene is lower than cyclohexyl chloride 


Cl CI 
5 Б 


chlorobenzene cyclohexylchloride 
33%S 25%5 


(i) Due to greater s character, sp? C is more electronegative than sp? C. As a result, C-Cl 
bond in chlorobenzene is less polar than in cyclohexyl chloride. 


(ii) Due to resonance C—Cl bond in chlorobenzene acquires partial double bond character. 


since u = q X d, so chlorobenzene has lower dipole moment than cyclohexyl chloride 
due to lower magnitude of -ve charge on СІ atom and shorter С-СІ distance. 


(iii) Solubility- Although haloalkanes and haloarenes are polar yet they are insoluble in 
water. Less energy is released when new attractions are set up between the haloalkane 
/ haloarene and water molecules because they are not as strong as hydrogen bonding 
between water molecules. 


(iv) Density- Densities increase as we go from fluoro to iodo compounds. Fluoroalkanes 
and chloroalkanes are usually lighter than water but bromo, iodo and poly - chloro 
compounds are denser than water. 


(v) Nature of C-X bond- The carbon- halogen bond is polarised because of the higher 
electronegativity of halogen as compared to carbon. On comparing between different 
halogens, the carbon-halogen bond length increases as we go from C-F to C-I and the 
bond strength decreases. 





Chemical properties of alkyl halides 





|. 
CX 
| 


Due to presence of positive charge on the carbon atom її can be easily attacked by nucleophiles 
to give nucleophilic substitution reactions as well as elimination and reduction reactions 


1. Nucleophilic substitution reactions. 


) alkyl halide —-——s alcohol 
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CH,CH,Cl “> CH,CH,OH 


CH,CH,CI _но‚ CH,CH,OH + HCI 


li) alkyl halide —— cyanide / nitrile 
CH,CH,CI + KCN/NaCN ———s CH,CH,CN + KCI 
cyano ethane 
iii) alkyl halide —— isocyanide / isonitrile 
CH,CH,CI + AgCN ——> CH,CH,NC + AgCI 
-CN being ambident nucleophile can attack through C as well as №. ¢ = у . possesses a pair 
of electrons at carbon as well as on nitrogen, so it can attack the substrate from any of 
these positions. Such nucleophiles which can attack the substrate from two different sites, 
are called ambident nucleophiles. KCN being ionic, attack can take place through C as well as 
N but since C-C bond is stronger than C-N bond so attack atkes place through C forming 


cyanide as major poroduct. AgCN being covalent, C is already involved in bonding with Ag so 
attack takes place through nitrogen forming isocyanide as major product. 


iv) alkyl halide —— alkyl nitrite 
CH,CH,CI + K-O-N=0(KNO,) ——> CH,CH,-0-N-0O-KCI 
or 
NaNO, 


v) alkyl halide —-——s nitroalkane 


0 

7 

CH,CH,CI + Ag-O-N-O(AgNO,) ——> CH.CH,-N. +400 
0 


-NO, is also an ambident nucleophile 
vi) alkyl halide —_ amine 


CH,CH,Br + NH, 275 CH.CH,NH, + HBr 


А 
(Primary amine) 
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CH,CH,Br + R-NH, ——-> CH,CH,NH – R 
(Secondary amine) 
vii) alkyl halide —-——s higher alkyne 
CH,CH,Br + Na CZ CH ——+ CH,CH,C z CH + NaBr 
viii) alkyl halide —— alkyl azide 
CH,CH,Br + NaN, ——-» CH,CH,N, + NaBr 
ix) alkyl halide —— ester 
CH,CH,Br + RCOONa ——> RCOOCH,CH, 
x) alkyl halide —— ether 
Williamson's synthesis 


CH,CH,Br + CH,CH,ONa —=—> CH,CH,OCH,CH, + NaBr 
Preparation of unsymmetrical ethers 


e Alkyl halide having smaller alkyl group should be chosen otherwise in the presence of 
Strong base elimination will take place to give an alkene. 


CH,Br + CH,CH,ONa —*> CH,-0-CH,CH, + NaBr 


e For preparing alkyl aryl ethers, aryl halides cannot be used since they are unreactive 
towards nucleophilic substitution. Thus sodium phenoxide and alkyl halide are used. 


onm OCH, 


+СН.0 s + NaCl 


Methoxybenzene 
Limitations 


It cannot be used to prepare diaryl ethers since aryl halides are unreactive towards nucleophilic 
Substitution. 


(0)— ONa+(O)— C3 (0)—0 Xo) 


It cannot be used to prepare di-tertbutyl ether; since 3° alkyl halides prefer to undergo 
elimination rather than substitution 
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da Ch, n 
| 
vi " CH.-p-0Na э 
CH, Ch, CH, 


Xi) alkyl halide ——> Thiol 


CH,CH,Br + NaSH ——> CH,CH,SH 


xii) ^ alkyl halide —— thioether 


2CH,CH,Br + Na,S > CH,CH,-S-CH,CH, 


Mechanism of Nucleophilic substitution reactions 


1. 8,1 (unimolecular nucleophilic substitution) 


Characteristics of 5,1 


) 


ii 
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The rate law shows that the rate of the reaction depends only on the concentration 
of the alkyl halide. Thus reaction is a unimolecular reaction. 


ү P 
CH,—C-—Br + OH ——> CH.-C-0H« Br 

| | 

CH, CH, 


Rate Alkyhalide] 
Product formation takes place by formation of carbocation as reaction intermediate. 
Reactivity depends upon the stability of carbocation formed : 3° > 2° > 1°. 


Thus alkyl and benzyl halides also show high reactivity because of the stability of 
the carbocation so formed via reasonance. 


Reactivity of the halide is R-I > R-Br > R-CI > R-F 
It is carried out in polar protic solvent such as water, alcohol, acetone. 
It occurs in two steps : 


This step is slow and reversible so it is the rate-determining step of the reaction. 
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CH, CH, 
| lonization, | 
CH,- C Гу <—____— C + Br 
Step | | / М 
CH, HC сң 


tert-Butyl bromide 


tert-Butyl carbocation 


In the second step, the carbocation being a reactive chemical species, is immediately 
attacked by the nucleophile i.e., OH ion to give the substitution product, i.e., tert- 
butyl alcohol. This step is fast and hence does not affect the rate of the reaction. 


CH, CH, 
| ОМ Fast | 
C OH — — , CH,-G OH 
I~ Nucleophile | 
step ll нс сн, CH, 


tert-Butyl carbocation tert-Butyl alcohol 


(Substitution product ) 


otereochemistry of 5,1 reactions. In 5,1 reactions, if the alkyl halide is optically 
active, then the product is a racemic mixture, i.e., 5,1 reactions are accompanied 
by racemization. This is due to the reason that carbocations are the intermediates 
in 5,1 reactions. Since carbocations being sp? hybridized are planar (achiral) species, 
therefore, the attack of the nucleophile on it can occur from both the faces 


сн | 
3 
Ө" ii. Br <= K + Br 
KO S 
CH,CH, CH,CH, 
(+) or (}2Bromobutane 
HO ОН 
HO— Cn, Rear attack pa Frontattack 2 aw — OH 
ФН (Inversion) uS \ (Retention) H 
CH,CH, Le CH;CH, 
() Butan2of- — Carbocation Buna 
50% (Planar) ud 


(one enantiomer) (other enantiomer) 


Racemic mixture 
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Racemic mixture 


Racemization during 51 reactions. 


2. 
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5,2 (bimolecular nucleophilic substitution) 


Characteristics of 5,2: 


) 


iii 


The rate of the reaction depends on the concentration of alkyl halide and on the 
concentration of the nucleophile. 


CH,-CI-OHRCH,-OH«CI 
Thus Rate a[CH, - CI][OH] 


In this reaction, two species СН,-СІ and OH are involved in the rate-determining 
step hence reaction is bimolecular reaction 


It takes place in one step. They are concerted reactions i.e. bond breaking and bond 
making takes place in one step. No intermediate is formed. 


Product formation takes place by formation of transition state. 


H | Н 
af nS i ó- ó- / + бї 
Incoming KY С! >| H 0 ENT [| — Cl > H l= C, Outgoing 
nucleophille Н i» \ \ 4 H XXXXXXXX 
(Reactant) (XXXXXX) 
Methyl chlorie XXXXXXXX XXXXX XXXXXX 
(Reactant, alkyl helide) (XXXXX) 


Stereochemistry of SN?-Attack of nucleophile occurs from a direction opposite to 
the one from where the halegen atom leaves. Thus inversion of configuration taks 
place. 


Н.С СН, 
HO Ма" \ (œ^ Heat 
>C Br— —» H0— C..,, -Na Br 
JN | We 
Deo. Hs п-С.Н,, 
(-)-2-Bromooctane (+)-2 Octanol 


Bulky groups cause steric hinderauce in the reaction and thus reactivity of alkyl 
halides is, 


Methyl halide > 1° > 2° > 3° 
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2. Elimination reactions 


alkyl halide ————> alkene 


CH,CH,Cl —““" 5 CH,=CH, 
Haloalkanes with aqueous KOH form alcohols but in presence of alcoholic KOH form alkenes 
In aqueous solution, -OH gets solvated therefore its basicity gets reduced. It cannot abstract 
BH so substitution takes place. 
In alcoholic solution, RO (alkoxide ion) is present which is a stronger nucleophile than OH 
So it can abstract BH leading to elimination. 
Mechanism of Elimination Reactions 
B Elimination Rections 
Reactions in which two groups are eliminated from adjacent carbon atoms. 


| n 
н, - CH, — Br 2, 


CH, = СН, + C,H,OH + NaBr 
Types of p elimination: Depending upon the structure of alkyl halide, strength of the base 
and polarity of the solvent. 

1) E1 Mechanism : 


i | А |. 
-G-6-X в -C-6—X (Slow) 
H H 


xps == у =Ç (Fast) 


i) Reactivity depends on the ease with which an alkyl group in substrate can form a 
stable carbocation Thus, 3° > 2° > 1°. 


li) ltis carried out in polar aprotic solvents like acetone, DMF, DMSO. 
iii) Reactivity oc leaving power of the group 
R-| > R-Br > R-Cl > R-F 
2) E2 Mechanism 
1° alkyl halides and some secondary alkyl halides undergo elimination / 
dehydrohalogenation by E2 mechanism. Thus order of reactivity is 1? » 2? » 3? 
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i) They are concerted reactions i.e. occur in one step. 


HOH H Oh Af оңо 

HON CH >| Нр Н» p= +H0+Br 
pu В t 

Н Сй H B Нн H 


Transition state 


li) They follow second order kinetics. 
Rate a[RX] [Nu] 
iii) Stereochemistry 


E2 elimination reactions require trans periplanar geometry ie. hydrogen and the 
halogen to be eliminated must be trans to each other and also lie in same plane. 


iv) Rate o leaving power of the group 
Order of leaving ability 
F«Br«Cl«I 

v) Presence of strong base is essential 


3) Carbanion mechanism (E'Cb) 
EtO + Ph-CH,CH,Br === EtOH +Ph-CH,-CH,Br 
non LX". Ph CH-CH, 
Gor 
Rate = k[PhCH,CH,Br][EtO] 


i) It is limited to substrates with substituents which can stabilize the carbanion as 
reaction intermediate. B carbon should contain strong-l group i.e. carbonyl group, 
nitro group, cyano group or other carbanion stabilising group. 


i) Itis given by those compounds which have poor learning group. 


iii) B hydrogen should be highly acidic so that it can be removed as proton to give 
carbanion. 


Number of products in p elimination reactions : depends on the different types of 
B carbons. 
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X 


| 
CH,-CH,-CH-CH, —> CH,-CH-CH-CH;«CH,CH,CH-CH, 


Orientation in elimination reactions 


i. Saytzeff rule : More alkyl substituted alkene is the major product 


Cl 


| alc.KOH/A 


CH,-CH-CH-CH, —————9 CH,-C-CH-CH, + чырык 
| 


| 
CH, CH, CH, 


(major) (minor) 
ii) Hofmann rule: 
a. Dehydrohalogenation of alkyl halides when leaving group is very poor. 


F 


| 
CH,—CH,-CH-CH;——» CH, -CH, CH=CH, + CH,CH=CHCH, 


(major) (minor) 











b. Primary and secondary alkyl halides give Hofmann elimination when the size of 
base Is bulky. 


i 
Br CH,-C-0K 


| | 
CH,-CH,-CH-CH;————» CH,-CH,CH-CH, + CH,CH=CHCH, 
(major) (minor) 


c. Primary and secondary alkyl halides having quaternary y carbon 


CH, CH, 
alc. KOH/A 


| | 
CH,-C-CH,-CH-CH, —————> нн 
y] В a 
ОН, CH, (major) 
d. Ifthe leaving group is bulky, then compound gives Hofmann elimination. 


CH,-CH-CH-CH, ОН ——> CH,-CH,-CH-CH, 
N(CH). (major) 


Points to remember : 
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i. In E1 reactions, product formation always takes place by Saytzeff rule. 


li. In Е1ср reactions, product formation always takes place by Hofmann rule. 


iii. In almostall E2 reactions, product formation takes place by Saytzeff rule. 
a-Elimination reactions 


Reactions in which two groups are eliminated from same carbon. 


-cl Cl 
iN xut " ъй. 
C 


Characteristics 


i. Itis atwo step process and proceeds by carbocation intermediate. It may undergo 
rearrangement. 


ii. Order of leaving ability is: FeBreCle] 
iii. Order of reactivity : 1° < 2? < 3? 
iv. Reaction competes with ә | reaction. 
v. High temperature favours E1 reaction compared to Sl. 
vi. Polar solvent or Lewis acid catalyst favours E1 
3. Reduction 


alkyl halide ————› alkane 


CH.CH,Br +H, _'° , CH,-CH, + НВг 
Zn+HCl 
CH,CH,| == > CH,-CH, + HI 


CH,CH,I + НІ —=—— CH, -CH, + |, 


4. Reaction with metals 
i) (Wurtz reaction) discussed in sec. 
alkyl halides _ Na/ether alkanes 


———— 


2R-X + 2Na ———s R-R 


266 


UDA б М 
ORGANIC COMPOUNDS CONTAINING HALOGENS A program to give wings to girl students 
li) Formation of grignard reagents, 
CH,CH,Br + Mg __ ether , CH.CH,MgBr 
| Grignard reagents are very reactive and react as follows to give a variety of products. 


| | Grignard reagents react with those compounds which can release a proton to form 
alkanes, such as, 


- Mg(OH)Br 
CH,CH,MgBr 
Mg(OR)Br 


MgBrX 
Mg(C = C -R)Br 
- Mg(NHR)Br 





Chemical properties of Aryl Halides 
Haloarenes are less reactive than haloalkanes towards nucleophilic substitution due to: 


1. Resonance- Due to resonance, C-X bond acquires partial double bond character so it is 
difficult to break the bond. 


2. Polarity of carbon halogen bond- C-X bond is less polar in haloarenes than the C-X 
bond in haloalkanes. Since lesser the polarity, lesser is the reactivity. Polarity is introduced 
because of difference in hybridisation. In haloalkane the carbon attached to halogen is 
sp? hybridised whereas in haloarene it is sp? hybridised. Sp? hybridised orbitals are 
shorter and stronger and thus carbon-halogen bond in haloarenes is difficult to break 
and thus less reactive than haloalkanes 


3. Instability of phenyl cation 
С it is пої resonance stabilised because sp* hybridized orbital ої carbon having +ve 
charge is perpendicular to the p orbitals of the phenyl ring. 

|. Electrophilic substitution reactions 


1. Halogenation 
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CI CI 
CI 
anhy AICI 
+ Cl, ———— + 
or 
anhy FeCl, — 1. 2-dichlorobenzene 


(minor) Cl 
1, 4-dichlorobenzene 
(major) 


2. Nitration 


Cl 
conc. 
+ CONC. HNO, —Hso, > + 
A 


1-chloro, 2-nitrobenzene 


(minor) No, 
1-chloro, 4-nitrobenzene 
(major) 
3. Sulphonation 
CI CI 


CI 
50„Н 
+ conc.H,S0, EL + 


2-chlorobenzene- 


sulphonic acid SO H 
(minor) ? 
4-chlorobenzene- 
sulphonic acid 
(major) 
4. Friedel crafts acylation 
CI CI CI 
CH, 
anhy AICI, 
+ CH,Cl ———> + 
1-chloro 
2-methylbenzene CH 
(minor) a 
1-chloro- 
4-methylbenzene 
(major) 
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5. Friedel crafts acylation 


Cl 


COCH, 
+CH,COCI d 


2-chloroacetophenone 


(minor) COCH, 


4- а (ERO 
(major) 


Il Reaction with metals 


1. Wurtz Fittig reaction 


(0)— Br + 2Na + CH,CH,Br —— (0)— CH,CH, + 2NaBr 


ethylbenzene 


2. Fitting reaction 


(jami (EO 


diphenyl 
3. Reaction with Mg 


A 
(0)— Mg + Br тыа” (0)— MgBr 


Grignard reagent 
I| Reduction 


Cl 


O „2н SA © + HCI 


IV Nucleophilic Substitution in Haloarenes 


1. Replacement by hydroxyl group (Dow's process) 


CI ONa OH 
O + 2Na0H 623K, 300 atm 2 dil-HCI O 
Chlorobinzene phenol 
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|  Thisreaction requires drastic conditions because of the strong C-X bond in haloarenes. 


Presence of electron withdrawing groups such as-NO, and -CN activate the halogen 
towards nucleophilic substitution. Greater the number of such groups at o- and p-positions, 
greater is the reactivity of haloarene. 


CI OH 
|. 6-8% NaOH 
| 623K, 300 atm 
| ———————9 
ii. Dil. НО! 
Chlorobenzene phenol 
CI OH 
1 
i.NaQH, 443K 
ii. Dil. HCI 
|l. 
NO, NO, 


I-Chloro-4-nitrobenzene 


CI OH 

1 NO, 1 МО, 
2 |. Aq, NaOH, 368K 9 
ii. Dil. HCI 
III. 

NO, NO, 

2, 4-Dinitrochlorobenzene 2, 4-Dinitrophenol 
Cl 


NO, ON 





6 2 П: 0, 323K 
IV. 
NO, NO, 
2, 4, 6-Trinitrochlorobenzene 2, 4, 6-Trinitrophenol 
[Picryl Chloride] [Picric Acid] 


Polyhalogen compounds 


Uses and Environmental effects: 


i) Dichloromethane : also known as methylene chloride 
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ii) 


Uses : 


Effects : 


widely used as a solvent in drug manufacture as well as paints, as an aerosol 
propellant and in metal cleaning. 


harms the human central nervous system Low levels in air cause impared 
vision and hearing higher levels in air lead to dizziness, nausea, and numbness 
in toes and fingers. Direct contact on skin causes burning and rashes on the 
skin and also burns the cornea of eyes. 


Trichloromethane : also known as chloroform 


Uses : 


Effects : 


Widely used as a solvent for fats, waxes, resins, alkaloids, iodine etc. Majorly 
used in the production of the referigerant freon R-22. Used for testing primary 
amines in lab in the carbylamine test. It was once used as an anaesthetic in 
surgery. 


Vapours of chloroform affect the central nervous system and cause dizziness, 
headache and fartigue, Chronic exposure damages the liver and kidneys. 
Contact with skin causes sores on the skin. In presence of air and light 
chloroform slowly forms phosgene, a poisonos gas chloroform is therfore 
stored in dark coloured and well stoppered, filled to the brin bottles' 


air, hv 


2CHCI, + О, —— 2COCI, + 2HCI 


iii) Triiodomethane : also known as iodoform 


Uses : 


was used as an antiseptic earlier but the antiseptic action is due to the iodine 
it liberates. It has been replaced now, due to its unpleasant odour. 


iv) Tetrachloromethane : commonly nonw as carbontetrachloride 


v) 


Uses : 


Effects : 


Freons : 


It is used as a very good solvent for fatty substances, oils, resins and thus can 
be used as acleaning liquid in homes and in industry. It is used in fire 
extinguishers under the name pyrene since it is not flammable. It is used for 
the synthesis of refrigerants, propellants, chlorofluorocarbons, pharmaceuticals 
etc. It is also used in drycleaning. 


Exposure causes dizziness, nausea, vomiting leading to stupor, coma, 
unconsciousness, or death. Other effects are irritation to eyes, irregular heartbeat 
and liver cancer. If released in atmosphere, it depletes the ozone layer, thus 
increasing risk of skin cancer, eye diseases and disruption of immune system. 


are the chlorofluorocarbon compounds of methane and ethane. They are 
colourless, odourless, non toxic, non-corrosive, unreactive and easily liquifiable 
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gases. Because of these properties, they are largely used in industry as cooling 
fluids in refrigerators and air conditioners, as propellants in aerosol spray 
cans and as industrial cleaning solvents. Because of their unreactive nature 
they drift away unchanged into the stratosphere where they form radicals and 
cause depletion of ozone and thus cause harmful effects related to ozone 


depletion. 

vi) p,p-bichlorodiphenyltrichloroethane : Commonly known as DDT and is one of the most 
effective general insecticide developed, 
particularly for mosquitoes, flies and crop pests. 
However many species of insects developed 
resistance to DDT because of its extensive use. 
It is not metabolised rapidly because of its 
Stability and fat solubility. Thus it is deposited 
and stored in the fatty tissues of animals. It also 
has a high toxicity towards fish. It is now banned 
in many advanced countries but still used in 
certain developing countries. 

SOLVED EXAMPLES 

1. The final product formed in the reactions of toluene with chlorine gas in the presence of 

UV irradiation is 

1) a mixture of o- and p- chlorotluene 2) m-chlorotoluene 3) benzotrichloride 

4) benzoyl chloride 
Answer : 3 

Chlorine in the presence of sunlight will give rise to side chain chlorination via free 

radical mechanism and not ring substitution which requires electrophile generation . 
2. Consider the following bromides: 

леч. Ме Ме 
Ме Вг ^Y Ме ^r^ 
(А) Br Br 

The correct order of SN' reactivity is 

1)A>B>C 2)B>C>A 

3)B>A>C 4)C>B>A 
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Answer : 2 


On comparing the stability of carbocation being formed, B would give most stable allylic 
carbocation, followed by C which would give a secondary carbocation and then A which 
would give primary carbocation. 


3. Alcoholic AgNO, does not give precipitate with 


1) G.H.CH,CI 2) G.H.CH,CI 
3) С.Н, 4) CH,-CHCI-CH, 
Answer : 3 


It is difficult to replace Cl in C.H.CI because aromatic halides are less reactive than aliphatic 
halides because of resonance 


4. Chlorobenzene reacts with Mg in dry ether to give a compound A which further reacts 
with ethanol to yield. 


1) ethyl benzene 2) phenol 
3) phenyl methyl ether 4) benzene 
Answer : 4 
Cl MgCl 


D + Mg Z SAS C,H, + C,H-OMgCl 


9. When benzotrichloride is treated with Cl, in presence of iron, 
1) m- chlorobenzotrichloride is formed 

2) o and p: chlorobenzotrichloride is formed 

3) only p` chlorobenzotrichloride is formed 
4) only o: chlorobenzotrichloride is formed 

Answer : 1 

since -CCI, is a meta directing group. 


6. Identify B 
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( )—он — > д — RB 
06) 2004) 
901/414) 90 


Answer : 2 
Wurtz reaction takes place in second step to give (2) 
PRACTICE QUESTIONS 
1. n-propyl bromide on treatment with ethanolic potassium hydroxide produces 
a. propane b. propene 
с. propyne d. propanol 


2. Which will give maximum yield of alkyl chloride in Hunsdiecker reaction? 


CH, 
a. CH,CH,CH,COOH b. он, С соон 
cH 
CH, 
C. ЖОЕ d. CH.-CH-COOH 
| n 


3. For the given reaction : 


R-Cl+Nal acetone > R-|+NaCl, which alkyl chloride will give maximum yield? 


[" 
рг" b. CH,CH,CH,-CI 


CH, 
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Г. 
С. MES d. iE da 
CH, CH, 
4. Inthe given reaction : 
CH,-C-CH-CH,-Br«-aq NaOH —> [X] 
oH 
[X] as major product will be : 
OH OH 
2 Ok HORA b. OH 0-оньон 
CH, CH, 
CH, 
. Ok р-ононо , коно 
CH, 
5. Which of the following compound will give least substituted alkenes as major product 
with alc KOH? 
CH, Cl С! 
N он р-он сон b. Ok -OH- 0 
CH, H CH, 
CH, 


C. 
C.H.—CH,-CH-CH, | 


CH, 


Which of the following compounds undergo nucleophilic substitution reaction most 
easily? 
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CI 
CI 
[ J р. 
Í NO, 
CH, 
C 
СІ 
С. d. í 5 
OCH, 


7. The reaction of toluene with Cl, in presence of FeCl, gives X and reaction in presence of 
light gives Y. Thus X and Y are 


a. X = Benzyl Chloride, Y = m-chlorotoluene 

b. X = Benzyl Chloride, Y = o-chlorotoluene 

c.X = m-Chlorotoluene, Y = p-chlorotoluene 

d. X = 0- and p-chlorotoluene, Y = trichloromethylbenzene 


8. Reaction of trans-2-phenyl-1-bromocyclopentane on reaction with alcoholic KOH produces 
a. 4-phenylcyclopentene b. 2-phenylcyclopentene 


c. 1-phenylcyclopentene d. 3-phenylcyclopentene 


Cl 
NaCN 
9. DMF 


CN CN 
a. D. NC 


CN | 


CN | 
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10. Match the structures of compounds given in column | with the classes of compounds 
given in column Il 


Column | Column Il 
CH,-CH-CH, 
а. | i. Aryl halide 
X 
b. CH,-CH-CH,-X ii. Alkyl halide 
X 
C. © iii. Vinyl halide 
d. CH,=CH-X iv. Allyl halide 


11. The following compound on hydrolysis in aqueous acetone will give 


CH,H CH, 


wo 111-10 


H Cl CH, 


CH,H CH, 


(K) MeO é NO, 


H OH CH, 


CH,H CH, 


(L) MeO (S NO, 


OH H Ch, 


CH,H CH, 


(M) Мес ( 5 NO, 


H CH, OH 
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It mainly gives 
a. K and L b. Only K 
c. L and M d. Only M 


12. The major product of the following reaction is 


H.C Br 


PhSNa 
dimethyl formamide 





NO, 
H.C SPh 
F 
d. D. 
NO, 
H.C Br H.C SPh 
SPh SPh 
С d. 
NO, NO, 
13. The product of following reaction is 
OH 
C.H,O 
© + GH; anhy C,H.OH | 
а. C,H.0C,H, р. C,H,OC,H, 
с. G,H.OC.H. d. С.Н, 
14. Апо 2 rection at an asymmetric carbon of a compound always gives 
a. an enantiomer of the substrate b. a product with opposite optical rotation 
c. amixture of diastereomers d. a single stereoisomer 
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15. Kl in acetone, undergoes 5,2 reaction with each P, Q, R and S. The rates of the reaction 
vary as 
H,C—Cl 7-6 
p Q 
О 
R 
5 
а. P>Q>R>$ b. S>P>R>Q 
с. PSR»Q5S d. R>P>S>Q 


16. In 5,2 reactions, the correct order of reactivity for the following compounds CH.CI, 
СН.СН,СІ, (CH,),CHCI, (CH,),CCI is 


a. СН,СІ > (CH,),CHCI > CH,CH,CI > (CH,),CCI 
b. CH,CI > CH,CH,CI > (CH,),CHCI > (CH,),CCI 
с. CH,CH,CI > CH,CI > (CH,),CHCI > (CH,),CCI 
d. (CH.),CHCI > CH,CH,CI > CH,CI > (CH,),CCI 


17. In a 5,2 substitution reaction of the type 
R-Br+Cl- DMF__, R-Cl+Br 


Which one of the following has the highest relative rate? 


i 
„тым b. CH,CH,Br 
CH, 
CH.-CH-CH,Br 
с. CH,-CH,-CH, Br d. | 


CH, 
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[ 
CH;CH,0 Na’ CH;CH,OH . 
im В ioi СН.-С-В' = A [major] 
CH, 
A and B are 


a. Both A and B are [CH,],C-OCH,CH, 

b. Both A and B are [CH], CZ CH, 

c. A is [CH,],C-OCH,CH, and B is [CH], Cz CH, 
d. A is [CH,],C=CH, and B is [CH,],C-OCH,CH, 


19. The major product formed in the following reaction is 


CH, 
CH,0 
NON -Hon ^ 
H 
CH, 
| CH,-CH-CH,CH, 
д. CH,-C-CH,-OCH, b | 
| OCH, 
CH, 
CH, | 
A | , i 
CH.—CH = CH, OCH, 


20. Which one of the following compound will give 5,1 reaction most readily? 


Я CHO{O)—CHer b. NO,{O)—CH.Br 
C. CH,{O)—CH.Br d. (С)у—бңв 
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21. Which one of the following is most reactive for 5,2 reaction? 
CH,-CH-Br 
a. "m b. C,H,-CH,Br 
CH,-CH, 
C NA d. CH,-CH,-0-CH, 
О 


22. Which one of the following alcohols will give 5 2 reaction with HBr? 


a. C,H,-CH,OH b NO,{O)—CH,OH 
с сно (о) CH.0H d. CH, {©)—CH,OH 


23. In which reaction product formation takes place by Saytzeff rule? 


P 
Br conc. H,SO/A 
a. | CH,ONa/A D. Сп k 
CH,-CH,-CH-CH, #5 | 
CH, 
id 
CH.-C-CH alc.KOH/A 
C. 3 | 3 d. CF.-CHCI, alc.KOH/A 
CH, 


24. Which alocohol will give only E1 reaction? 


CH, 
а. Ug ron b. CH,-CH,-CH,OH 
CH, 
OH 
C | d. CH,-CH,-OH 
CH,-CH-CH, 
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25. Which one of the following is most reactive for E1 reaction? 


Br 
| Br 
4 P-C-CH.-0H, "E 
^ C,H,-CH-CH, 
Br 
Br | 
| d Е 
H,C-CH-CH-CH, m 
{ 
alc.KOH 
26. Inthe given reaction кыы л [X], IX] will be 
CH, 
CH,-CH-CH-CH, CH,-C=CH-CH, 
а. | b. | 
CH, 


CH, 


с. CH,CH = CH - CH, d. CH, - CH, - CH = CH, 


2/. Which alkyl halide will give Hofmann elimination? 
CH, 
| F 
" з dd b. | 
CH CH,-CH,-CH-CH, 
3 
i 
c. CH,CH,- а. Petra 
CH, 
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28. Which compound will give Etch reaction? 

a. CF, - CHCI, b. C,H,- CH, - CH, - F 

I 
C. uH UR HEC d. All of these 
OCOCH, 

29. Reaction intermediate of E1 reaction is 

a. carbocation b. carbanion 

c. free radical d. benzyne 


30. Arrange reactivity of given alcohols in decreasing order for elimination reaction. 


CH,—CH,—CH,—CH,—OH CH,-CH,-CH-CH,-O0H 


| 
* NO, a NO, 


Uri pre Gh GH ON 
| NO, 


C d. CH, - CH, - CH, - CH,OH 


oelect the correct answer from the codes given below: 
a. 1, 2, 4, 3 b. 1,2, 3,4 
c.2,3,1,4 d. 2, 3, 4, 1 


31. Which one of the following is correctly matched? 


P 

а. ин, E1 reaction 
CH, 

b. CH, - CH, - CH,OH Е1єр reaction 
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a 
с. 20-6 Thermal elimination 
CH, 
CH, 
d. е E1 ср reaction 


32. Match the following : 


Column | Column || 
A СН, -CHBr - CD, on treatment with alc. р 1 reaction 
KOH gives CH, = CH-CD, as major product. 
В PH-CHBr-CH, reacts faster than q E2 reaction 
Ph-CHBr-CD, 
С Ph-CH,-CH,Br on treatment with C,H.OD/ r Е1ср reaction 
C,H,O-gives Ph-CD=CH, as major product 
D PhCH,CH,Br and PhCD,CH,Br react with s First order reaction 
same rate 
ANSWERS 
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[39 а [277 | b afa] — 
Cm [a m [s | @ [Bees 
cafe [э [эъ Е 
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Concept Map 


Classification 
containing Halogens 
Organometallics Physical 


compounds 


Effects Stereochemistry 
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ORGANIC COMPOUNDS CONTAINING OXYGEN 
(Alcohols, Phenols and Ethers) 


Classification 


(i) 


(ii) 


Alcohols and phenols are classified on the basis of the number of hydroxyl groups present 
in the molecule as monohydric, dihydric, trihydric or polyhydric depending on whether 
they contain one, two, three or many - OH groups 


CH,CH,CH,OH Н,-СН, H,-CH-CH, 
4 b. 4 4 О 
ОН ОН ОН 
oe 
OH OH 
Monohydric Dihydric Trihydric 


Monohydric alcohols are further classified on the basis of hybridisation of the carbon 
atom to which - OH group is attached, 


(a) -OH group attached to -sp' hybridised C atom are classified as primary (1°), 
secondary (2^) or tertiary (3°) alcohols depending on whether hydroxyl is attached 
to primary, secondary ortertiary carbon atom 


CH CH, 
CH,CH,-0H ""CH-0H ,0-C-0H 
ОН; 
CH, 
Primary secondary Tertiary 


Allylic alcohol 


° When the - OH group attached $р° hybridised carbon is next to a C=C system, 
then such alcohols are known as allylic alcohols. Allylic alcohols can also be 
1°,2°ог3°. 

° When the sp? hybridised carbon atom containing - OH group is attached їо a 
benzene ring, then such alcohols are classified as benzylic alcohols. Benzylic 
alcohols can also be 1°, 2° or 3°. 


(b) Vinyl alcohol — -OH group attached to a-sp^ hybridised C atom are ОН 
classified as vinylic alcohols, СН,=СН-ОН or phenols (when attached 
to an aryl carbon) 
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Preparation of Alcohols 


1. From alkenes 


H 
H,0/H,SO, жыла (Markovnikov's rule) 


OH 
CH.-CH-CH, (Markovnikov's rule) 






CH,-CH=CH, Hg (OCOCH,)»/H.0 


H,0,/0H CH,CH,CH,OH (Anti Markovnikov's rule) 


2. Reduction of carbonyl compounds 


0 1. HNI OH 
R-C-H — € R-CH-H 
2. ШАН, 
Or 
3. NaBH, 
Or 


4.  Na/C,H,0H 


aldehydes give primary alcohol, ketones give secondary alcohol. 
1. NaBH, does not affect the double bond. 
CH,=CH-CH,-CHO . NaBH. QCH,2CH-CH,-CH,OH 


2. ШАН, also does not affect the double bond but if the compound is a, В - unsaturated 
carbonyl compound then double bond also undergoes reduction. 


C.H.CH-CH-CHO чан, — CH,CH,-CH,-CH,0H 


3. . Fromgrignard reagents 





Mechanism 
66 0)J0 dry M LL" 0MgX H,0° М ОН 
0=0+R-MgX ether”, (hydrolysis) ^ „7н 
addition 
product 
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With formaldehyde, 1° alcohol is formed 


Ме 0 CH,MgBr шш Н.О“ НУ _7 OH 
н“ T dry ether н cH, HA cH, 
1° alcohol 


° With ethylene oxide, 1° alcohol is formed 


BS a NS dry H.0* 
R-MgX + СН,-СН, =» RCH,CH,OMgX =» RCH,CH,OH 


ether 


° With any other aldehyde except formaldehyde, 2° alcohol is formed 


ШЕ, шщ aia ш H,0° CHN ОН 
HAC кешш H^ CH, H~ CH, 
acetaldehyde 2° alcohol 


о With ketones, 3° alcohol is formed 


CHN, _ SM Esse шш H0 ар 
CH yener сн“ “он, CH~ CH, 
propanone 3° alcohol 


4. From alkyl halides 
CH,CH,Br + aq KOH CH,CH,OH + KBr 


Not suitable for preparation of tertiary alcohols because tertiary halides with strong base 
prefer to undergo E-2 elimination. 





Other bases can also be used like aqueous sodium carbonate or moist silver oxide. 
5. By reduction of carboxylic acids and its derivatives 


By reduction of carboxylic acids 


CH M OH ao CH.CH,OH+H,0 
acetic acid ethanol 
By reduction of ester 
1) Li AIH, 
сн-б-0сн, 25А, CH,CH,OH+CH,OH 
methyl acetate ethanol methanol 
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By reduction of acid chloride 


CH Да > CH,CH,OH+HC 
ethanoyl chloride ethanol 


Other reducing agents like Na/C,H.OH or hydrogen in presence of a catalyst can also be 
used for esters 


6.  Fromamines (via diazonium salts) 


CH,CH,NH, + HNO, ——» CH,CH,OH + №, + HO 
ethylamine nitrous ethanol 
acid 


Preparation of Phenols 
Phenol also known as carbolic acid, was earlier obtained from coal tar. Other commercial methods are, 


1. Еот benzene sulphonic acid 


50,Н 50„Ма 
C ye oleum | OL NaOH OL 2Na0H on dil HCI © 
benzenesulphonic phenol 
acid 
2. From diazonium salts 
= МОГ 
иш : 02, +N, + HCI 
^ — Hd ^" 
benzene diazonium phenol 
chloride 


3.  Fromarylhalides (Dow's process) 
Cl ONa OH 


Маон 623K, 320atm dil HCI 


chlorobenzene phenol 
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4. From cumene 
OOH 
CH,-CH-CH, CH,-C-CH. 
© +CH,CH=CH, тын, © —— © 
Cumene cumene 
hydroperoxide 
OH dil H,SO, 
0 A 
«CH CH, 
propanone 
phenol 
5. . By decarboxylation of salicylic acid 
OH ONa OH 
COONa 
Маон Саб dil НСІ 
sodium salicylate phenol 


Physical Properties 
1. Boiling points 


Due to the presence of intermolecular hydrogen bonding in alcohols and phenols they 
have higher boiling points than corresponding alkanes and alkyl halides. 


a. Boiling points increase with increase in molecular mass due to increase in van der 
Waals forces. 


b. Boiling points decrease with increase in branching due to decrease in van der Waals 
forces with decrease in surface area. 


H. " 
"P" < CH.-CH-CH,CH, < CH,CH,CH,CH,OH 


CH, butan-2-ol butan-1-ol 
2-methylpropan-2-ol 
306K 373K 390K 
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2. Solubility in water is due to the ability of alcohols and phenols to form hydrogen bonds 
with water 


a. It decreases with increase in molecular mass, since as the hydrocarbon part 
increases tendency to form hydrogen bonds decreases. 


b. Solubility increases with branching because as the branching increases surface 
area of non polar hydrocarbon part decreases hence solubility increases. 


t-butyl alcohol>sec- butyl alcohol>isobutyl alcohol> n-butyl alcohol 


Chemical Properties 


Reactions involving cleavage of oxygen-hydrogen bond [C-0--H] with substitution or removal 
of hydrogen as proton. 


When O-H bond is broken, alcohols and phenols act as nucleophiles 


1. Reaction with metals 
Alcohols and phenols are acidic in nature. 
2CH,0H + 2Na ——— 2CH,0 Na'«H, 
2CH,0H + Mg (CH40), Mig+H, 





OH ONa 


2 + 2Na ——— 2 +H, 


Phenols are stronger acids than alcohol. Thus they even react with aqueous sodium 
hydroxide. 


ОН ONa 


+ МОН ———— + H,O 
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2. Esterification 


Reaction with carboxylic acids, acid chlorides and anhydrides 


| 
CH,COOH + CH,CH,OH 2% "50, , CH -6-0-CH,CH, + H,O 


acetic acid ethanol ethyl ethanoate 


When HCl gas is used as catalyst, reaction is known as Fischer-Speier esterification. 


Acetylation 


CH,COCI + CH,OH — iine. | CH.COOCH, + HCI 


acetyl chloride methanol methyl ethanoate 


(CH,CO),0 + CH,OH —Pidne | CH.COOCH, + CH,COOH 


acetic anhydride methanol methyl ethanoate acetic acid 
OCOCH, 
+ CH,COC| Pe y © + HCI 
phenol phenyl acetate 
OH OCOCH, 
+ (CH,CO),0 CHsC00Na, © + CH,COOH 
phenol phenyl acetate 
COOH COOH 
OCOCH, 
+ (CH,CO),0 — + CH,COOH 
Salicylic acid Acetyl salicylic acid 
(aspirin) 
Benzoylation 


schotten Baumann reaction 


CH,CH,OH + CH,COCI S80! , CH.CH,OCOC,H, + HCI 


ethanol benzoyl chloride ethyl benzoate 
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OH O CO CH,CH, 


+ CH,CH,COOH = © + H,O 


phenyl propanoate 


OH OCOC,H, 
tO HCO "> © + HCI 
phenol phenyl benzoate 


Order of reactivity of alcohols 
CH,OH > CH,CH,OH > (CH,), CHOH > (CH,),COH 


Order of reactivity of acids 
HCOOH > CH,COOH > (CH,), CHCOOH > (CH,),CCOOH 


As the size of R group in acids and alcohols increases, rate of esterification decreases 


| 
Alcohol behaves as nucleophile and gives addition reaction with —C— group. Adduct 
converts into ester by elimination. 


3. Reaction with grignard reagents 


CH,OH + C,H,MgBr — — — — C,H, + Mg(OCH,)Br 
methanol ethyl magnesium ethane 
bromide 


OH 


+ RMgX ———» R- + C,H,OMgX 
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STUDY MATERIAL FOR CHEMISTRY - XII 


Reactions involving cleavage of carbon oxygen bond [C+0H] with substitution or removal of OH 
group. 


When the bond between C—O is broken, alcohols act as electrophiles. 


1. 


Reaction with halogen acids 


R-OH + HX — — — RX + HO 


Order of reactivity of halogen acids 
HI > HBr» НОЇ 


Order of reactivity of alcohols : 3^» 2^» 1° 


a) 


With HCI 


CH.CH,CH,OH + HCI апу 210, CH CH,CH,CI + H,O 


propanol (1^) chloropropane 


"CH-OH + HCI 2 v2. ,— "CH-CL« Н,0 
CH propan-2-o1(2) dy ether СНХ 


2—chloropropane 


^ р 

LE оп + HC] —_____- Е" + H,O 
CH, CH, 

2—methylpropan—2-ol 2—chloro-2-methylpropane 


(3) 


Due to low reactivity of 1° and 2" alcohols, they require a lewis acid catalyst, 
anhydrous ZnCl, 


This reaction is used as Lucas Test to differentiate between 1°, 2° and 3° alcohols. A 
solution of conc. hydrochloric acid and anhydrous zinc chloride is known as Lucas 
Reagent. Tertiary alcohols react with this reagent immediately to give cloudiness 
because of the formation of insoluble alkyl chloride. Secondary alcohols take about 
five minutes to react and cloudiness to appear whereas primary alcohols do not 
react and thus no turbidity appears at room temperature. 
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b) With HBr 
CH,CH,OH + HBr 2916.59. . CH.CH Br + H,O 
retiux 


No catalyst is required for 2° and 3° alcohols as they undergo dehydration in 
presence of conc. Н,50, to form alkenes 


c) With HI 
CH,OH + HI —*'* — , СН, + H,O 


Mechanism 
1° alcohols react by 5,2 mechanism 


2'and 3° alcohols react by 5,1 mechanism 


2. | Reaction with phosphorus halides 

ROH + PCI, ——— ——. R- CI + POCI, + НСІ 

3ROH + PX, —————. 3R -X + HPO, (X = СІ, Br, I) 
3. | Reaction with thionyl chloride (SOCI,) 

ROH + SOCI, Pene , R – CI + S0,T + HCIT 

SOCI, is better than PCI. and PCI, because by products are gaseous 
4. |J Reaction with NH, 


CH,CH,OH + NH, 222 _. CH,CH,NH, + H,O 


5. Reaction with Zn dust 


OH 
+ Zn 240) + ZnO 
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Ill. | Other reactions of alcohol 
1. Reaction with Conc. H,SO, 


а)  At383K, ethyl hydrogen sulphate is formed 
CH,CH,OH + conc H,SO, —9* — , CH,CH,OSO.H + H,O 


ethanol ethyl hydrogen sulphate 


b) | At433-443K, dehydration of alcohol to alkene takes place 
CH, ore -CH OH шу » dd -CH, ae. CH; -CH- CH,CH, 


ш 20 


2° carbocation 


CH, CH, (more stable) 
e 
2—methyl-1-propanol 1° carbocation MH 
(less stable) 
CH.-CH=CH-CH, 
but-2-ene 


CH,CH,OH + H,SO, — — — CH, = CH, 


^ ү 
CH, 2 -CH, er CH; -C-CH, + H,0 
OH 


The rate of dehydration of alcohols to alkenes follows the order 3° > 2^» 1°. 


Dehydration of alcohols to alkenes may also be accomplished when alcohol 
vapours are passed over activated alumina (AL,O,) at high temperature. 


с)  At413K, ether is formed 


2CH,CH,OH amen. CH; CH,—-O-CH,CH, 


ethanol ethoxyethane 
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2. Oxidation – Involves formation of carbon-oxygen double bond with cleavage of O-H and 
C-H bond 
1° alcohol 
RCH,OH —P**' , RCHO 
PDC 
(mild oxidising aldehyde 
agent) 


PCC —— — ——. pyridinium chlorochromate 
PDC ———— —. pyridinium dichromate 


K,Cr,0/H,S0, or 
RCH,OH —5n9/0" _. RCOOH 


alcohol strong oxidising agents 


2° alcohol 

RY RS 
K,Cr,0,/H,SO, E 

„з „мы ы... E^ = О 


3. Action of heated copper 


| dehydrogenation 


1. 1° alcoho aldehyde 


CH,CH,OH —C"573K , CH.CHO + H, 


ethanol ethanal 
2. 2 alcohol 2110018101 , ketone 


CHA CH. 
CHOH cws3k, “ “0н 
74 СН, : 


3 
propan-2-ol propanone 


3. g alcohol 919%", alkene 


^ ^ 
за ШӘ Kk. CH,-C=CH, + H,0 
CH, 
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IV Other reactions of Phenols 


Electrophilic Substitution in Phenols 


1. Sulphonation 


OH OH OH 
1 1 
50,Н но, 
2 288-293 K HU, 37/3 K 
(90) (9,0) 
2—Phenolsulphonic acid Phenol i 
(major product) 50,Н 


4—Phenolsulphonic acid 
(major product) 
373 K 


2.  Halogenation 


OH OH 
Br Br 
К: =. + 3HBr 
Phenol 
Br 
2, 4, 6—Tribromophenol 
(white ppt.) 


In aqueous solution, phenol ionizes to form phenoxide ion which activates the benzene 
ring leading to trisubstitution 


OH OH OH 
Br 
Br, in CS, 
213K 
Phenol 2—Bromophenol 
Br (minor product) 


4—Bromophenol 
(major product, 80-84%) 


In non polar solvents like CS,, CCl, or CHCI, ionization of phenol is suppressed. Ring gets 
activated only slightly leading to monosubstitution. 
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39. X) Nitration 
. Dil. HNO, . 
«OK — 
Phenol 2—Nitrophenol 


4—Nitrophenol 


The o-and p-isomers can be separated by steam distillation since o-isomer is steam 
volatile due to chelation (intramolecular H-bonding) while p-isomer is not steam volatile 
due to association of molecules by intermolecular H-bonding. 


оар Н --—H-0- -Ñ-0--H-0 \-0— 


p-Nitrophenol 
(Intermolecular H-bonding) 


O-Nitrophenol 
(Intramolecular H-bonding) 


. Conc. HNO, , HNO, 
— Conc.H,S0, - 50, 


Phenol 


2, 4, 6- Trinitrophenol 
Picric acid, poor yield 


Poor yield is obtained because conc. HNO, acts as an oxidizing agent so some oxidation 
products are also formed. 


4. X Friedel Crafts alkylation 


OH 
А CH, - С| Anhyd. AlCl, AICI 
Methyl 
Phenol chloride 2— ш minor) 


(0-Cresol) 
4— — major) 
(p-Cresol) 
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Yield in this reaction is poor because phenols form complex with anhydrous AICI, which 
lowers the electron density onthe ring H-0-AICI. 


OH OH 
COONa COOH 
400 K Dil. НО! 
+ CO, 4-7 atm —NaCl 


Sod. phenoxide Sod. salicylate 2—Hydroxybenzoic acid 
(Salicylic acid, major product) 


9. Kolbe's reaction 
ONa 


Itisanelectrophilic substitution in which CO, behaves as electrophile. 


Mechanism : 
С ома 0 ОН 
О 
т. > Cy è ONa 
EN p" g a 
0 


salicylic acid is the starting material for many useful compounds. 





OCOCH, 
COOH 
(CH,CO,)0 +CH,COOH 
+conc. Н„50, 
aspirin 


OH 
COOC,H, 
О] +H,0 
OH 
/COOCH, 
+H,0 
+conc. Н,50, 


Oil of winter green 


salicylic 
acid 
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6. 


302 


Reimer Tiemann reaction: 
OH ONa 


CHCI, eu 
NaOH, 340 K .2Na0H , 
+ CHCl, -Naci -H0 —QNaG ^ "Хо 90° 
Chloroform 


Phenol 
ONa 
CHO 
Dil. Dil. HCI 
Маб" 
2—Hydroxybenzaldehyde 
(Salicylaldehyde) 
OH ONa ONa 
CCI, COOH 
CCI, NaOH 2NaOH NaOH, 
340 K —2NaCl =H,0 -H -HO- 
Phenol 
ONa 
COONa COOH 
Dil. НО! 
—2NaCl 
Disoduim 2—Hydroxybenzoic acid 
salicylate (Salicylic acid) 
Mechanism : 


Step 1 : Generation of electrophile 
HO + CHCl, ——— H,0 + CCl, ————-: CCl, + СГ 


Dichlorocarbene 
(Electrophile) 


Step 2 : Electrophilic substitution 


07 О 
S Суй CHCI, CHO 
S ù CCI 2NaO0H 
+ CCl, , ? —2NaCl, -H,0 


Phenoxide ion 


UDOON 
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7. Oxidation: 


_KCr,0, . 
 HS0, 7 


Phenol 


8. | Reaction with FeCl, 


OH 


STUDY MATERIAL FOR CHEMISTRY - XII 


Q 


p-Benzoquinone 


+ FeCl, —— Fe 


Phenol 


Violet colour 


Itcan be used as a test of distinction for phenol. 


9. Coupling reaction — 


Om Or 


Benzene diazonium 
Chloride 


10. Fries rearrangement : 


It can be used as atest of distinction for phenol 


Mildly alkaline 
. Solution . 
_ pH940 - 9-10 

(-HCl) 


4— E roxyazobenzene 
(an orange dye) 


Phenolic esters are converted into o-and p-hydroxyketones in 


presence of anhydrous aluminum chloride. 


j 
0-С-А 


anhy AICI, 
A 


OH 


OH 
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OH 
COCH, 
160°C (high temp) 
| 
0-0—ОН, ortho isomer 
(major) 
anhy AICI, 
A 60°C 
(low temp) 
COCH, 
para isomer 


11. Reduction 
OH OH 


a= 
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Testof Distinction 


Distinction between 1°, 2°, 3 alcohols 


1. Victor Meyer Test 


Alcohol 1. P,/I,/A a. Formation of red colour — 1" alcohol 
2. AgNO, b. Formation of blue colour — 2° alcohol 
3. NaNO, 
4. OH C. No colour — 3° alcohol 


2. Lucas Test 


Alcohol ИЕ a. Noturbidity — 1^alcohol 
(Lucas reagent) 
b. Turbidity appears after 5 minutes — 2° 
alcohol 
C. Turbidity appears immediately — 3° 
alcohol 
3.  lodoform Test 
m 
Alcohols having CH.-CH gp show this test 
n 
CH.-CH-CH,+41,+6NaOH — ^... CHI, +CH,COONa+5Nal+5H,0 
Propan-2-ol yellow 
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Ethers 


Classification : Ethers are classified on the basis of groups attached to oxygen. If the alkyl or aryl 
groups attached on either side of oxygen are same, the ether is known as simple or symmetrical, 
whereas if the two groups are different, ether is mixed or unsymmetrical. 


Preparation 


1. 


By acid catalysed dehydration of alcohols 


2CH,CH,OH ce 950, , CH,CH,-O-CH,CH,+H,0 
413 К 


ethanol ethoxyethane 
Mechanism: 


|. Protonation of alcohol 


,/H 


ат 
CH,CH,-O-H+H’ —CH,CH,- 
NH 


protonated 
alcohol 


ii. Nucleophilic attack by unprotonated alcohol molecule on protonated alcohol molecule 


CH,CH,-Q—-H+CH,CH,-O. ———— CH,CH,—0 + H,O 
NH slow NH 
protonated 


ether 


iii. | Loss of proton to form ethoxy ethane 


„ОНОН, — И И: 
CH.CH.-0» +H-Q-CH.CH, — —- CH.CH,—OCH.CH, + СН,СН,-0 
ms Q -c m а s м Н 
ethanol 


At high temperature (443K) alkene is formed with the same reactants. To produce a high yield of 
ether the alcohol is added in excess. This method is suitable for producing only symmetrical 
ethers. Reaction involves nucleophilic bimolecular mechanism thus it is suitable for ethers 
having primary alkyl groups only. 


By catalytic dehydration of alcohols 


CH,CH,-OH+H-OCH,CH, -== — CH,CH,-O-CH,CH,+H,0 


Ethyl alcohol Diethyl ether 
(two molecules) 
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3. Bytheaction of diazomethane on alcohols 





CH,CH,OH+CH,N, —“8:— CH,CH,-O-CH,+N, 

Ethyl alcohol Diazomethane Ethyl methyl ether 
4. — Fromalkylhalides 

Williamson synthesis 


R-0 Na'«R-X —92—. R-0-R«Na'-X 
alkyl halide Fther 


This method can be used forthe preparation of both symmetrical and unsymmetrical ethers. 


CH,CH,-O Na'«CH,CH,-Br —77— CH,CH,-O-CH,CH,+Na’Br 
Sod. ethoxide Ethyl bromide | Diethyl ether 





" " 
Hei Ohr =r аы 


Ethyl bromide 


CH, CH, 
sod. tert-butoxide tert-Butyl methyl ether 
O Na’ OCH, 
52 
Methyl 
bromide 1-80 | 
Sod. phenoxide Anisole 
O'Na' OCH,CH, 
Ethyl i | 
iodide [-Nal] 
Sod. phenoxide Phenetole 


|. Alkyl halide should have smaller alkyl group. 


ii.  Arylhalides are unreactive towards nucleophilic substitution. 
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Limitations 


|. Diaryl ethers cannot be prepared since aryl halides are unreactive towards nucleophilic 
Substitution. 


K Jonas {ув жа o ) + МаВг 


Sod. phenoxide Bromobenzene Diphenyl ether 


li. Di-tert butyl ether cannot be prepared because tert butyl halide undergoes elimination to 


form alkene. 
CH, CH, CH, 
CH.-C-ONa«CH.-C-Br аон 
сњ ж " 


4. From Grignard reagents 
CH,-0-CH,CI + CH;Mgl —#7— СН,-0-СН,СН, + Mg[CI]I 


Chloromethoxy Methylmagnesium Ethyl methyl Chloromagnesium 
methane iodide ether iodide 
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PHYSICAL PROPERTIES 


1. 


Dipolar nature 


Because of the greater electronegativity of oxygen than carbon, the C—O bonds are slightly polar 
and thus have a dipole moment. Since the two C—O bonds in ethers are inclined to each other at 
an angle of 110°, the two dipoles do not cancel each other. 


R 
11 0 0 net dipole moment 
R 
2. Boiling points 
Their boiling point are much lower than those of the isomeric alcohols. This is due to the reason 
that unlike alcohols, ethers do not form hydrogen bonds. Due to presence of weak dipole — 
dipole interactions their boiling points are higher than alkanes which have vander Waals forces 
of attraction only. 
3. Solubility 
The solubility of lower ethers in water is due to the formation of hydrogen bonds between water 
and ether molecules. 
As the molecular mass increases, the solubility of ethers in water decreases due to the 
corresponding increase in the hydrocarbon portion of the molecule. 
CHEMICAL PROPERTIES 


Ethers are relatively inert since the functional group of ethers does not contain any active site in 
their molecules. 


Reaction of ethereal oxygen 
1. Action of concentrated acids 


Oxygen atom in ethers has two lone pairs. So, ethers behave as lewis bases and dissolve 
in concentrated inorganic acids to form stable oxonium salts. 
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R R 
О + HOl(conc.) —— О HI CT 
R R 
2. Formation of coordination complexes 
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Being lewis bases, ethers form coordinate complexes with lewis acids such as BF,, AICI, 
FeCl, 


CH.CHN CHCH 
0 + BF, — 0 — BF, 
CH.CH CH,CH; 


Reactions involving cleavage of carbon — oxygen bond 


Cleavage of C—O bond takes place only under very drastic conditions since ethers are 
comparatively unreactive 


1. 


With halogen acids 
R-O-R + HX —2 6. ВОН + R-X (Х Br or I) 





R-O-R + excess HX 24 2R-X + H,O 
Mechanism 
H 
P | 
Step 1: R-O-R + HX ==> R-0-R«X 


oxonium ion 


H 
| | 
Step2: X+R-O'-R —g— [X-----R-----O'-R]. ——— R-X+R-OH 


Step 3: When excess of HX is used 
H 
Ө ш | І 
R-0-H +. НХ === R-0-H«X 
H 
od 
X«*R-0-H —— R-X+H,0 
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Reactivity of halogen acids 
HI>HBr>HCI 


In case of unsymmetrical ethers having two different alkyl groups, alcohol and alkyl 
halide formed depend on the nature of alkyl groups. 


Looking atthe mechanism, once the protonation of the ether has occured in the first 
step, the structure of alkyl groups decide the products. 


If one of the alkyl groups is tertiary, the alkyl halide is formed from tertiary alkyl 
groups. Since the reaction occurs by 5,1 mechanism and the formation of products 
is controlled by stability of carbocation formed. 


oH, CH, 
CH.-G-0-CH eH = сн,-6-19Сн,0н 
CH, CH, 


tert butyl methyl ether 


If no tertiary alkyl group is present and a stable carbocation can't be formed, 5,2 
mechanism is followed. 


Dueto steric hinderance, halide ion always attacks the smaller alkyl group. 


ү r 
CH,-CH-O-CH,+HI =з CH,-CH-CH,+CH,| 


In case of alkyl aryl ethers, products formed are always phenol and alkyl halide and 
never aryl halide and alcohol because it is difficult to break ph—O bond. 
OCH, OH 


373 K 
+H —55. + CH; 
methyl iodide 
phenol 


In case of benzyl alkyl ethers, reaction follows S,1 mechanism, since benzyl 
carbocation is more stable than methyl carbocation therefore benzyl halide is 


formed. 
(O»- CH,-O-CH,+HI (Oy CHICHO 
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© Diaryl ethers cannot be cleaved by HI because due to resonance C—O has some 
double bond character. 


2. With sulphuric acid 
C,H,-0-C,H.«H,0 - 29. 2CH,CH,OH 


diethyl ether ethanol 


ELECTROPHILIC SUBSTITUTION REACTIONS 


In aryl alkyl ethers, the +R effect of the alkoxy group (OR) increases the electron density in the benzene 
ring (refer to resonance structures, | to V) thereby activating the benzene ring towards electrophilic 
substitution reactions. 


COR +OR +ÖR C+ÜR ÖR 
<) _С\ 


O G 
| | ll IV V 
oince the electron density increases more at ortho and para positions as compared to m-positions, 
therefore, electrophilic substitution reactions mainly occur at o- and p-positions. 


1. Bromination 


OCH, OCH, OCH, 
Br 
Br, " 
CH,COOH 


Anisole o-Bromoanisole 


p-Bromoanisole 


2. Nitration 
_ Conc. HNO, — HNO, 
+ + Conc. Н,50, - Н,50, 
Methyl phenyl ether 0— pea 
or Anisole (minor) 


p- m (major) 
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3. Friedel crafts Alkylation 


OCH, 
Anhyd. 
+ CH4CI AICI 
Methyl 
Anisole chloride 


4. — Friedel crafts acylation 


OCH, 
+ CH,COCI 

Ethanoyl chloride 

Anisole (Acetyl chloride) 


Anhyd. 


STUDY MATERIAL FOR CHEMISTRY - XII 


OCH, 


o—Methylanisole 
(minor) CH, 


p-Methylanisole (major) 


OCH, OCH, 
COCH, 
L 
2—Methoxyacetophenone 
(minor) COCH, 
4—Methoxyacetophenone 
(major) 
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PRACTICE QUESTIONS 


1. | Which of the following is soluble in water? 
a. CS, b. C,H.OH 
C. CCI, d. CHCI, 


2. Ethylalcoholis heated with cone. Н,50,. The product formed is 
a. CH,COOC,H, р. C.H, 
C. C.H, d. C.H, 
3. НВггеасїѕ fastest with 
а. 2—methylpropan-2—ol D. propan-1-ol 
b. propan—2-0l d. 2—methylpropan—1—ol 


4. 1-propanol and 2-propanol can be best distinguished by 


а oxidation with alkaline KMnO, followed by reaction with Fehling solution 

D. oxidation with acidic dichromate followed by reaction with Fehling solution 
b: oxidation by heating with copper followed by reaction with Fehling solution 
d. oxidation with concentrated H,SO, followed by reaction with Fehling solution 


9. .. When phenyl magnesium bromide reacts with tert. butanol, which of the following is formed? 
д. Tert. butyl methyl ether D. Benzene 


C, Tert. butyl benzene d. Phenol 


6.  Ihecompound which reacts fastest with Lucas reagent at room temperature is 
а. butan—2-0l D. butan-1-o| 


of 2—methyl propan-1-ol d. 2—methyl propan-2-ol 


7. | |hebestmethodto prepare cyclohexene from cyclohexanol is by using 
а. conc. НСІ + ZnCl, р. conc. Н.РО, 
С. НВг 0. conc. HCI 
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8. Which ofthe following is most acidic ? 


a. CI-CH,-CH,-0H D. O 


ОН ОН 
NO, CH, 
С. d. 


9. Inthe given reaction: 
H,C=CH-CHO L H,C=CH-CH,OH 
a. H,/Ni/A b. Pt/H, 
б NaBH, d. H./Wilkinson Catalyst 


10. Inthe given reaction 





CH,-CH-CH, ra [X] 
74 II 


[X] will be: 
а. CH,-CH-CH,OH b. CH,-CH-CH,—CH, 
CH, OH 
CH, 
C. H-C-CH, d. CH,-CH-CH, 
СН, 


11. Inthe given reaction : 
CH,OH 


_ Conc. HjS0. ‚ fx] as major product 


[X] will be : 


UO o Qe 
Ox б 
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12. Which ofthe following will most readily be dehydrated in acidic condition 


O OH OH 
“АА дА 
0 О 
С d. 
OH OH 


13. Inthe given reaction, 


OH 
(i) CO,/NaOH/A ІХ] 
(ii) B 
[X] will be : 
а. Salicylic acid р. p-hydroxybenzoic acid 
С. Mixture of (a) and (0) d. oalicylaldehyde 


14. Phenolcan be distinguished from alcohol by which reagent : 


a. Na b. Alcoholic FeCl, 
C. Br,/HOH d. NaOH 
15. Inthe given reaction, 
OH OH 
CHO 


(i) CHCl,/alc.KOH 

(ii) H' 
the reaction species is 

+ РЕР 
а. CHCI, b. CCI, 
С. CHCI, d. CHCI, 


16. Phenolreacts with bromine in carbon disulphide at low temperature to give? 
а. m-bromophenol D. o-and p-bromophenol 


b p-bromophenol d. 2,4,6-tribromophenol 
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17. Phenol is least reactive for aromatic nucleophilic substitution because : 


a. Carbon-oxygen bond has some double bond character due to resonance. 

D. Oxygen is present in sp* hybrid carbon which makes carbon-oxygen bond stronger. 

C. Oxygen is highly electronegative which decreases bond length between carbon and 
oxygen. 

d. All are correct. 


18. Inthe given reaction 


CHOH ge DX] 7S M 


[Y] is 
OH OH 
50,Н 
а b. 
S0,H 
OH OH 
OH 
С d. 
OH 


19. Phenol reacts with benzenediazonium cation at pH 7.5 to give: 
a. aniline D. chlorobenzene 
C. benzene d. azo dye 
20. When phenol is reacted with CHCl, and NaOH followed by acidification, salicylaldehyde is 


formed. Which of the following species are involved in the above mentioned reaction as 
intermediates? 


О О 


Н 
CCl, CHCI, 
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21. Inthe following reaction, the products formed is (аге) 


OH 
CHCl, 
CH, 
OH 
ОНС. | ,CHO 
CH, Н.С б CHCI, 
(P) 


OH OH 
| CHO 
HC ^ CHCI, CH, 
(S) 
a. P (major) b. Q (minor) 
б. R (minor) d. 5 (major) 


22. Themajor product(s) ofthe following reaction is (are) 


OH 


Aqueous Br,(3.0 equivalents) 
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OH OH 
Br Br Br Br 
Br 
50,Н Вг 
(Р) (9) 
ОН ОН 
Вг 
Вг Вг Вг Вг 
Вг S0,H 
(R) (S) 
a. P b. Q 
С. А d. 


23. 


24. 


25. 


Inthe reaction K pocnt the products are 
а. &-( Joc, and Н, р. 


С. C J and CH,OH d. C m апа CH,Br 


What are the products of the following reaction? 

C,H,OCH,CH,OH “SS. 9 

a. C.H,OH + BrCH,CH,Br р. С.Н.ОН + HOCH,CH,OH 
С. C,H,Br + HOCH,CH,OH d. С.Н.ОН + BrCH,CH,OH 


Br and CH,Br 


Decreasing order of reactivity in Williamson's ether synthesis of the following is 


. Me,CCH,Br Il. CH,CH,CH,Br 
I. — CH,=CHCH,CI IV — CH,CH,CH,CI 
a. HI» 11V» р. |I IV» LII 
C. | HIE IV d. IHE» H0» IV 
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26. 


27. 


28. 


29. 
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In the following reaction, C,H-OC,H,+4H "+". 2X+H,0, X is 


д. Ethane D. Ethylene 
p Butane d. Propane 
CH, 
The product of the reaction C + HBr ——— IS 
CH, CH, 
Br OH 
CH, CH, 
C d. oe. 
Inthe reaction: 
CH, 


CH,-CH-CH,-0-CH,-CH,«HI —®®— 


Which of the following compounds will be formed? 
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i i 
a. CH-CH-CHOH«CH,CH-| 6. CH-CH-CH,«CH.CH,0H 
© CH-CH-CH,CH.CH.0H d. CH-CH-CHOH«CHCH 
CH, CH, 
CH ! 
CH. n Ан, А. Ais 
а (CH,),CHCH,OH б. CH,CH,CH,OH 
C. (CH),COH d.  CH,CHOHCH,CH, 
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30. Which ofthe following is most reactive towards electrophilic attack? 
NO, Cl 


< ‚© 
ОН CH,OH 
С. O d. 


31. tert-Butyl methyl ether on heating with HI gives a mixture of 


d tert-Butyl alcohol and methyl iodide 
b. tert-Butyl iodide and methanol 
С. Isobutylene and methyl iodide 
d. Isobutylene and methanol 

Answers 
1 D Л. C 3 a 4. C 
5 D 6. d 7 b 8. С 
О. C 10. a Fi; D 12. а 
13 а 14. b 15 D 16. C 
17. d 18. С 19. d 20 d 
21. d 22. b 29. d 24. а 
25. С 26. а 2. D 28. a 
29 C 30. С 31 D 
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UNIT - 12 


ORGANIC COMPOUNDS CONTAINING OXYGEN 
(Aldehydes, Ketones and Carboxylic Acids) 


ALDEHYDES AND KETONES 


Classification: 


] | | 
H-C-H R-C-H R-C-R' 
Formaldehyde Aldehyde Ketone 


R & R'-can be aliphatic or aromatic 
— сап be identical or different 


Important carbonyl compounds : 


CHO CHO CH=CH-CHO 
^ „ОН 
OCH, 
OH 
Vanillin Salicylaldehyde Cinnamaldehyde 
(in vanilla beans) (in meadow sweet) (in cinnamon) 


All have very pleasant fragrances and are used in food products and pharmaceuticals. 


some other carbonyl compounds like acetone are used in manufacture of adhesives, perfumes, 
plastics, paints etc. 


PREPARATION 
1. From alcohols 


a) by oxidation 


О) 

| 
RCH,OH -Se:9/159. R-C-H+H,0 
1° alcohol aldehyde 


H H 
N KCr0/HSO, — Ne. 
„нон „2-00 


Aldehydes formed are oxidised їо carboxylic acids if they remain іп the reaction mixture. 


Mild oxidising agents like PDC or PCC stop the oxidation at the aldehyde stage. 
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RCH,OH ee". асно 


Collin’s reagent 
alcohol aldehyde 


0 


OH 


cyclohex-2-en-1-ol cyclohex-2-ene-1-one 


CH,=CH-CH,OH -£2450 CH -CH-CHO 


Jones reagent 
allyl alcohol acrolein 


b)  bycatalytic dehydrogenation of alcohols (primary and secondary) 


RCH,OH 2> RCHO 
primary aldehyde 


H R 
“нон <-> C=0 
" 


secondary R ketones 


o Further oxidation of aldehydes and ketones to acids does not take place in this 
method. 


2. From carboxylic acids 


0 
"EMEN 
(HCOO),Ca -%®У dstilation , H_C_H+CaCO, 


aldehyde 


| CH 
(CH,COO),Ca “stain, “р 04CaCO, 
СН 


3. X By hydration of alkynes 


CH-OH 
CH=CH+H,0 dil. H,SO,+HgSO, н, Tautomerises CH,-CHO 


vinyl alcohol 


CH,-C=CH, 
CH.C=CH+H,0 4. Н:80:н050), OH Tautomerises CH. —C-CH, 
| 
0 
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4. — Byozonolysis of alkenes 
/ 9v, 
CH,=CH,+0, -$%©. 0" UP. zano, 2HCHO 


ethene 0—0 formaldehyde 


0 


ZYN 
CH,CH=CHCH,+0, -Hck , CHCH ОНОН, zn o. осн CHO 
but-2-ene 0—0 


5. ВуМаскегргосеѕѕ 
СН,=СН,+Н,0+РаСІ, 27525 СН.СНО+Ра+2НСІ 
CH,CH=CH,+H,0+PdCI, 5 5-- CH,COCH,«Pd«2HCI 


6. A Acidchlorides ketones 





2CH,COCI+(CH,CH,),Cd 27 2CH,COCH,CH,+CdCl, 
2R’COCI+R,Cd ——— 2R’-CO-R+CdCl, 

7. Acidchlorides — A .aldehydes (Rosenmund reaction) 
2CH,COCI+H, iis CH,CHO+HCI 
C,H,COCI + H, —5559., C H CHO 

8.  Fromnitriles (Stephen reduction) 


CH,CN«SnCI,-HCI L2. CH,CH=NH 2270. CH,-CHO+NH,CI 
This reaction can also be carried out with DIBAL—H (di isobutyl aluminium hydride) 


CH,-CH-CH-CN — 2. CH,CH=CH-CHO 
o DIBAL-H does not reduce ethylenic double bonds. 


o DIBAL-H also reduces esters to aldehydes 


CH,CH,CH,-COOC,H, зо = CH,CH,CH,CHO 
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9. From nitriles 


0 ô afè i) dry ether \ 
CH,CH;-MgBr«CH;-C-N - 772087. СН,СН,-С-СН,+№Н,+Н,0+Мо[ОН]Вг 
Ethyl mag. bromide Acetonitrile Butanone 


10. Fromhydrocarbons 
a) By side chain oxidation 


CH, CH(OCOCH,), CHO 


CroO, H,0/0H 
(CH;C0),0* i 


Etard reaction 
CH, CH(OCrOHCI,), CHO 


O"—O0 “=Q 


© In both the reactions oxidation of aldehyde to the acid is prevented by trapping the 
aldehyde in the form of a complex which on hydrolysis gives aldehyde. 


0) T side chain oxidation followed by Е 
CHCl, 


Cw |  HO/OH 
—O37K — 


c)  ByGattermann - Koch reaction 
CHO 


C eere ELM A + HCI 


d)  Friedel Crafts acylation 
COR 


© „оос yous © +H 
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COCI | 


С 
OOO ©» 


PHYSICAL PROPERTIES 


1. 
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Boiling points 


Aldehydes and ketones have higher boiling points than corresponding hydrocarbons due to the 
presence of dipole-dipole interactions. 


Aldehydes and ketones cannot form any intermolecular hydrogen bonds like alcohols because 
there is no hydrogen attached to oxygen atom in these compounds. 


Thus alcohols have higher boiling points than aldehydes and ketones since intermolecular 
hydrogen bonding is stronger than dipole-dipole interactions. 
Solubility 


Lower aldehydes and ketones are soluble in water due to H bonding between the polar carbonyl 
group and water molecules. As the size of alkyl group increases, solubility in water decreases. 
But carbonyl compounds are easily soluble in organic solvents. 


Dipole moments 


Aldehydes and ketones have large dipole moments as compared to alcohols or ethers. This is 
because of the shifting of A-electrons towards oxygen in the C=O bond due to the higher 
electronegativity of oxygen. 
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CHEMICAL PROPERTIES 


NUCLEOPHILIC ADDITION REACTIONS 

Due to greater electronegativity of oxygen as compared to carbon, the carbon atom of carbonyl 
group acquires positive charge and behaves as electrophile. Thus they react with nucleophiles at 
the carbonyl carbon. 


oN 
pro slow _ Н", ВАСЕ | 
^ Step A, ^Step2 ОН 


Relative reactivities of aldehydes and ketones: 


Inductive effect — Greater the number of alkyl groups attached to carbonyl group, greater is the 
electron density on the carbonyl carbon, hence lower is its reactivity towards nucleophilic 
addition. 


H R R 
-0 > 0-0 > 50 

„5 Н R 

formaldehyde any other aldehyde ketone 


Thus aldehydes are more reactive than ketones due to electronic factors. 


Steric effect — As the number and size of alkyl groups increases, attack of nucleophile on the 
carbonyl group becomes more and more difficult due to steric hinderance. 


Thus aldehydes are more reactive than ketones due to steric factors. 


Addition of Water 
H 
26-0«H-0H —— XX, 
Aldehyde / Ketone Hydrate 


Addition of hydrogen cyanide [HCN] 


HO +H-CN ———: CN+H,0 


ò ò L 0° H OH 
- —— Ž s> а 
X-0 + ON sS X from H,O X, 
CN CN 
or HCN 
Aldehyde / Ketone Cyanohydrin 


Cyanohydrins are useful synthetic intermediates 
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3. Addition of sodium bisulphite 


Proton 


ONa' transfer 
=0+№а'Н50, === =====е 
Aldehyde / Sod. КОШ 
Ketone adduct 


These bisulphite adducts can be easily decomposed to give back the carbonyl compound on 
treatment with a base or acid. Thus this reaction can be used for the purification and separation 
of carbonyl compounds. 


4. Addition of Grignard reagents 


SNS OMoX] нуно OH OH 
X10 + ReMax е 0 o мк 


Aldehyde / Grignard Addition product Alcohol 
Ketone reagent 


Grignard reagents add to formaldehyde, aldehydes and ketones to give primary, secondary and 
tertiary alcohols respectively. 


5. Addition of alcohol - Acetal and Ketal formation 


Н, HCl 


dry HCl OR’ 0] R OR’ 

p 0+ R-0- +e" a Сү 
е. 9 OH ^ o мов 
Aldehyde ^ Alcohol Hemiacetal Acetal 


If instead of using two molecules of a monohydric alcohol, one molecule of a dihydric alcohol is 
used, a cyclic acetal or cyclic ketal is formed. 


HO-CH, нсі gas O-CH, 
== =ч 


HO-CH, 0-CH, 


CH; г H “әп; dry HCI CH; 0- ү 
— mud A EE 
,0=0 + n | ` gas bd CH, +H ‚О 


Acetaldehyde Ethylene glycol Acetaldehyde ethylene 
acetal 


г---------- 


ү | LS dry НСІ. СНАХ /0- CH, но 

= ' === + 

CH | Ho-cH, 9355 gu ^0- i 

Acetone Ethylene glycol Acetone ethylene 
ketal 
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Acetals and ketals can be hydrolysed with aqueous mineral acids to give back respective 
aldehydes and ketones. Thus this reaction can be used to protect a carbonyl compound in a 
reaction. 


6. Addition of ammonia derivatives 


This is a nucleophilic addition reaction followed by elimination of a molecule of water 


eo 


) 


Reaction with ammonia 
3020 « NH, —— X = NH 


imine 


Reaction with amine 
= 0 + АМН, — X = NR 


N-Substituted imine (Schiffs base) 


Reaction with hydroxylamine 


H ү Н 
(pc = O + NHOH iss „С = NOH + Н,0 


Methanal Hydroxylamine Methanal oxime 


Reaction with hydrazine 


H H' H 
= 0 + HNNH, -уязв” „С = NNH, + HO 
Methanal ^ Hydrazine Methanal hydrazone 
Reaction with phenylhydrazine 
H б H 
(pc = 0+H,NNHC,H, Gags ,, 0 = NNHC,H, + H,O 


Methanal Phenylhydrazine Methanal Phenylhydrazone 


Reaction with 2,4-dinitrophenylhydrazine [Brady's reagent] 


NO, NO, 
CH; H' CH; 
26-204 sani- Уно, ae X- wne- Yn, +H,0 
Ethanal 2,4—Dinitrophenylhydrazine Ethanal-2, 4— dinitrophenylhydrazone 


Reaction with semicarbazide 


PS = 0 + HNNHCONH, изэ” C = NNHCONH, + HO 


Ethanal semicarbazide Ethanal semicarbazone 
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Control of pH during addition of ammonia derivatives to aldehydes and ketones 


In case, the medium is too acidic, the ammonia derivatives being basic in nature will form their 
respective ammonium salts. Due to the absence of a lone pair of electrons on the nitrogen atom, 
these ammonium salts will no longer be nucleophilic and hence the reaction will not occur. If the 
medium is only very slightly acidic, the protonation of the carbonyl group will occur. This will 
increase the electron deficiency [or + ve charge] on the carbon atom of the carbonyl group and 
hence weak nucleophiles like ammonia derivatives will be able to react. 


© These important derivatives of aldehydes and ketones сап be used to characterise and 
identify them. 


Oxidation Reactions 


Reaction with Тоеп’ reagent- Tollen's reagent is an ammoniacal solution of silver nitrate 





RCHO + 2[Ag(NH,),] + 30H: —8—- RCOO «2AgL +4NH,+2H,0 


Both aliphatic and aromatic aldehydes give this silver mirror test. 


Reaction with Fehling’s solution 


Fehling's solution A  Fehling's solution B—— Fehling's solution 





(aqueous solution (alkaline solution of 

of CuSO,) sodium potassium tartarate) 

RCHO + 2Cu’+50H —4—- RC00+Cu,0J +3Н,0 
red 


Fehling's solution 
Aromatic aldehydes do not reduce Fehling's solution. 


oame reaction with cupric ions takes place with Benedict's solution (citric acid instead of tartaric 
acid). 


lodoform Reaction 
| ОН 
Compounds having CH.-C- gp or CH.-CH- gp form yellow precipitate with NaOH/l, or NaOl. 


CH,CHO + 3Na0lI — CHI, + HCOONa + 2NaOH 


yellow 
(iodoform) 


CH,COCH, + 3Na0l — CHI,L + CH,COONa + 2NaOH 
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Other halogens can also be used in place of iodine and the general reaction is known as haloform 


reaction. 
Reduction Reactions 
Reduction to alcohol 
H,+Ni/Pt or Pd 
RCHO or LIAIH, or NaBH, RCH,OH 
Aldehyde 1° Alcohol 


R R 
„0 = 0 + Н, Ni/Pt or Pd -CHOH 


Ketone 2° Alcohol 


Reduction to hydrocarbon 


Clemmensen reduction 


RCHO+4[H] 089-4". R-CH,+H,0 


Aldehyde alkane 


Wolff-Kishner reduction 


R-CH-0 + R-CH=NNH, дз ~ R-CH,HN, 
Aldehyde Alkane 


With HI+P (Red) 
CH,CHO+4HI 05255 , CH.—-CH,+H,0+2I, 


Acetaldehyde Ethane 
СН.СОСН,+4НІ 1 423, CH.CH,CH.+H,0+2I, 
Acetone Propane 
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IV. Other Reactions 
1.  Aldol Condensation 


Aldehydes or ketones having œ hydrogen show this reaction. In this reaction, two molecules of 
aldehyde or ketone condense in presence of dilute alkali to form B hydroxyaldehyde or p 
hydroxyketone. 


Propanal or Proplonaldehyde H 


(two molecules) 3-Hydroxy-2-methylpentanal (Aldol) 


OH 
CH о 5 4| 3 2 1 
с C704 H-CH,COCH, S204: . CH,-C-CH,COCH, 
| Propanone or Acetone lu 
(two molecules) i 
4—Hydroxy—4—methylpentan—2—one (Aldol) 


Mechanism 


Step 1. In the first step, the base, i.e. ОН ion abstracts one of the acidic o—hydrogens to 
form the enolate ion which is stabilized by resonance. 


О 0> :0:- 
но НОЁН, CH 2% њо + aE — я 
ИИИ Епо!аїе іоп 
Ѕїер 2. The enolate ion being a strong nucleophile attacks the carbonyl group of the second 
molecule of acetaldehyde (which acts as electrophile) to form the anion (1). 
5- 


d. % ү 
aco S ili 
CH,-C-H " CH,-C-H Nucleophilic attack сн,-6-0н,- -H 
+д 
Acetaldehyde Enolate ion H 
(Electrophile) (Nucleophile) Anion (І) 
Step 3. The anion (1) finally abstracts a proton from water to form aldol. 
P Иб 
CH,-C-CH,-C-H + бн —— CH.-C-CH,-C-H«0H 
| Anion (1) H Aldol 


332 


UDOON 


A program to give wings to girl students STUDY MATERIAL FOR CHEMISTRY = XII 


Dehydration of aldols. The products of aldol condensation when heated with dilute acids 
undergo dehydration leading to the formation of о, B— unsaturated aldehydes or ketones. For 


example 
OHH 
| | ООШ a 2 
CH,-CH-CH-CHO — 7 CH,-CH=CH-CHO + H,O 
3—Hydroxybutanal But-2-en-1-al 


(Crotonaldehyde) 


Formaldehyde, benzaldehyde and benzophenone do not undergo aldol condensation since they 
do not contain o-—-hydrogen atoms. 


Cross Aldol Condensation 


It takes place between two different aldehydes or between aldehyde and ketone or between two 
different ketones. 
а. If both have œ hydrogens it gives a mixture of 4 products. 
HO HO CH, 
4 j 2 1 5 4 3 ol 1 
CH,CHCH,CHO + CH,CH,CH-CH-CHO 


3 Hydroxybutanal 3—Hydroxy—2—methylpentanal 


(Self condensation of (Self condensation of 
two molecules of ethanal) two molecules of propanal) 
Dil./NaOH —————— RO ERES 
CH,CHO+C Н.С H,CHO simple or self aldol products 
Ethanal Propanal 
HO CH, HO 


4 d 21 1 5 4 d 9. 4 
CH,CH-CHCHO 4 CH,CH,CH-CH,CHO 
3—-Hydroxy-2-methylbutanal 3 Hydroxypentanal 
(from one molecule of ethanal and one molecule of propanal) 


b. When only one reactant has o. H 





О О 

| | | 1 аз 4 
CH,-C-CH, + H-C-H —PiNa0H. CH -C-CH.-CH,-0H 

Acetone Formaldehyde 4—Hydroxybutan—2—one 


Intramolecular Aldol Condensation 


If a compound contains two aldehyde / ketone groups or one aldehyde and one ketone group at 
1,60r 1, /-positions w.r.t. each other, then the enolate ion of one carbonyl group can add to the 
carbonyl group of the other. This reaction is called intramolecular aldol condensation. In this 
reaction, first an aldol is formed which subsequently loses a molecule of H,O to form an a, 
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B—unsaturated aldehyde / ketone. The driving force for elimination of H,O is the stability 
achieved due to conjugation of the double bond with the carbonyl group. For example, 


Yo 
3 2 1 
CH,-CH,-CHO | CH.-CH.- 4 CH,-CHA,/0 н 
d. CH,-CHO m hes, pdt la at бн oF 
Hexane-1, 6—dial Fh 0 H 


on -CHa OH eh "CH 
-H,O | 
CH, о снб 


cao" CHO 
© Reaction can not take place between C-2 and б—8 because it will give 7 membered cyclic 


compound which is unstable. 


2. Cannizzaro Reaction : Aldehydes which do not have œ hydrogen atom on treatment with 
concentrated alkali solution, undergo disproportionation i.e. self oxidation—reduction. As a 
result, one of the molecule of aldehyde is reduced to alcohol and other is oxidised to 
corresponding carboxylic acid. 


2C.H.CHO«NaOH ———C,H,CH,OH + C,H,COONa 


benzaldehyde benzyl alcohol sod. benzoate 
О 

| || | COONa 
2H-6-C-O0H + З NaOH ———~ HO-CH,-C-ONa + | + 2H,0 
Glyoxylic acid Sodium glycollate COONa 
Mechanism sod. oxalate 

С Nucleophilic " Ма [| 

C,H,CH = 0 

C,H.-C-H + Na'-0H —Ga — н 0н буйта 


Benzaldehyde OH (slow) 


С.Н. он + CH.CH, -Q Ма“ — тап, pH ома + C,H.CH, -0H 


(fast) 
Sod. benzoate Benzyl alcohol 


Itisahydride transfer reaction. 
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Cross Cannizzaro Reaction: Takes place between 2 different aldehydes. 
C,H,CHO + HCHO + NaOH ——— CG,H,CH,OH + HCOONa 


Benzaldehyde Formaldehyde (50%) Benzyl alcohol Sod. formate 


cuo- )-оно + HCHO + мон ——сңо-б__у-сңон + HCOONa 
Formaldehyde (50%) 


Sod. formate 
p-Methoxybenzaldehyde 


p-Methoxybenzyl alcohol 
(p-Anisaldehyde) 


If one ofthe aldehydes is formaldehyde, it always undergoes oxidation to form sodium formate. 


Intramolecular Cannizzaro reaction 


7 " 
H--C-H + NaOH — H- T -ONa 299, HOCH,-COOH 
Glyoxal (50%) Glycollic acid 
CHO CH,OH 
(i) conc. NaOH/A 
© a= OL 
CHO COOH 


3. Reaction with Aluminium ethoxide (Tischenko reaction) 


All aldehydes (with or without œ- H's) can undergo Cannizzaro reaction on treatment with 


aluminium ethoxide. Under these conditions, alcohol and acid produced as a result of 
Cannizzaro reaction, combine together to form esters. 


2CH,CH,CHO OCH: , GH.CH,COOCH,CH,CH. 


propionaldehyde n-propyl propionate 


4. — Reaction with alcoholic KCN (Benzoin Condensation) 


Он.) sm He 


Benzaldehyde — Benzoin 


5. Reaction with Schiff's reagent 


aldehyde + Schiffs reagent ———— pink colour 


(colourless) 
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6. Reaction with Chloroform (CHCI.) 


ы o Тс, 0н. уо 


Dre MN CHY “CCI, 
Chloretone 
7. Reaction with PCI, 
CH; CHy Cl 
nee = 0 + РСІ, н Со + POCI 


2,2—dichloropropane 
8. Reaction with primary amines 
CH,CHO«CH,NH, "+ CH,CH=NCH,+H,0 
aldehyde 1° amine Schiff's base 
ELECTROPHILIC SUBSTITUTION IN AROMATIC ALDEHYDES 


oince aldehydic and ketonic groups are electron withdrawing, they are deactivating and 
m-directing 


1. Halogenation 


COCH, COCH, 
Anhyd. 
+ Br, AICI,(excess) + HBr 
Br 
Acetophenone m-Bromoacetophenone 
2. X Nitration 
CHO CHO 
Е HNO, sone, H,SO, " H,O 
(conc.) ow temp. 
NO, 
Benzaldehyde m-Nitrobenzaldehyde 
COCH, COCH, 
Е HNO, Conc. Н,50, + H,O 
(conc.) - 
NO, 
Acetophenone m-Nitroacetophenone 
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3. Sulphonation 


CHO CHO 
+ Н,50, —— + H,O 
(conc.) 
SO.H 
Benzaldehyde m-Benzaldehydesulphonic acid 
or m-Formylbenzenesulphonic acid 
COCH, COCH, 
+ Н,50, A, + H,O 
(conc.) 
SO.H 
Acetophenone m-Acetophenonesulphonic acid 


or m-Acetylbenzenesulphonic acid 


Acetophenone does not undergo Friedel Crafts reaction, due to formation of complex 
between »C-0 group and AICI, and electron withdrawing nature of >C=O group. 


CARBOXYLIC ACIDS AND THEIR DERIVATIVES 


Carboxylic acids are also called as fatty acids because some members of aliphatic series of acids (from 
C—C) are obtained by hydrolysis of natural fats or oils. 


The number of carboxyl groups are indicated by adding the prefix di, tri etc. to the term —oic acid. 


When —ОН group of a carboxyl acid is replaced by some other group, then they are called acid 
derivatives. Some of the common acid derivatives are, 


| | | { 
А-Х R-C-NH, R-C-0-R' R-C-0-C-R 
ш acid amides esters acid anhydrides 
PREPARATION 


1. Fromprimary alcohols and aldehydes 
Alcohols are oxidised to carboxylic acids using strong oxidising agents like KMnO, (in neutral, 
acidic or alkaline medium), K,Cr,0,/H,SO, or CrO, in acidic media 


1) KMn0,/KOH, A 


1° alcohol carboxylic acid 
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Aldehydes are easily oxidised to the corresponding carboxylic acids even with mild oxidising 
agents such as Tollen’s reagent. 


асно 15, RCOOH 


~ Reagent - 


From alkylbenzenes 


Aromatic acids are obtained by vigorous oxidation of alkylbenzenes with a number of oxidising 
agents such as acidic or alkaline potassium permanganate, acidified potassium dichromate 
[chromic acid] or even dil. HNO,. During these oxidations, the aromatic nucleus remains intact 
but the entire side chain is oxidised to COOH group irrespective of the length of the carbon chain. 


COOH 
eae -KOH 
| .2H0,^ -. 


Toluene (Contains three benzylic hydrogens) Benzoic Acid 
CH,CH, COOH 
1) KMnO,-KOH 
2) H0, A 
Ethylbenzene Benzoic Acid 


[1° alkyl chain, contains two benzylic hydrogens] 


i 
CHCH, COOH 
ae -KOH, A 
2) Dil. H, 2) 01. 9,50, - 
Isopropylbenzene Benzoic Acid 
[2" alkyl chain, contains one benzylic hydrogen] 


H; 


| 
C-CH, 
CH Aor —KOH, A N | 
3 2) Dil. H — 2)DI.HSO, о reaction 


tert-Butylbenzene 
[3° alkyl chain, contains no benzylic hydrogens] 
If there are two or more alkyl groups, each alkyl chain is oxidised to a COOH group 


COOH 


COOH 
1) KMn0,-KOH, A | 
о ^ 2)DIHSO, + 21,0 


о—ху!епе phthalic acid 
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3. 


From nitriles and amides 


0 
— | 
R-C=N+H,0 72S". R-C-NH, 
Alkanenitrile Acid amide 


0 
| — | 
R-C-NH,HH,0 42°". R-C-OH+NH, 
Acid amide Carboxylic Acid 


From Grignard reagents 


О О 
| | | 
R-fulgK «0-640 20. | R-C-omgx} 0. R-C-0H + Mg[OHIX 


ether 
Grignard reagent Addition product Carboxylic Acid 





From acyl or acid halides, anhydrides and esters 


CH,COCI + H,O <" CH,COOH + HCI 
Ethanoyl chloride Ethanoic acid 
[C,H,CO],0 + Н,0 2H 2C,H.COOH 
Benzoic anhydride Benzoic acid 


C,H;COOC,H, + H,O -°'— C,H,COOH + C,H,OH 


Ethyl benzoate Benzoic acid 


PHYSICAL PROPERTIES 


1. 


Solubility 


Carboxylic acids are miscible in water due to formation of hydrogen bonds. Solubility decreases 
as the number of carbon atoms increases due to increased hydrophobic interactions of the 
hydrocarbon part. 


Benzoic acid is insoluble in water since the non polar hydrocarbon part outweighs the effect of 
polar-COOH part. 


Carboxylic acids are soluble in less polar organic solvents like benzene, ether, chloroform etc. 


Boiling points 


Boiling points of carboxylic acids are higher than hydrocarbons. Carboxylic acids form stronger 
hydrogen bonds than alcohols. In vapour phase and in aprotic solvents, most of the carboxylic 
acids exist as cyclic dimers in which two molecules of acid are held together by strong hydrogen 
bonds. 
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Q H———0 


h———C C —— — R 


/ N 
V 


== 0 
3. Melting points 


They show oscillation / alternation effect. Melting points of an acid containing even number of 
carbon atoms is higher than the next higher homologue containing odd number of carbon 


atoms. 
CH, CH, 
VA М Nes 


COOH 


CH, 


Contains even no. of C—atoms, fits closely Contains odd no. of C-atoms, does not fit 
in the crystal lattice, has higher m.p. closely in the crystal lattice, has lower m.p. 
[Terminal groups are on opposite sides] [Terminal groups are on same side] 
CHEMICAL PROPERTIES 


I. | Acidity — carboxylic acids are the most acidic among organic compounds but less acidic than 
mineral acids. They interact with water molecules as, 


| 
RCOOH + Н,0 === R-C-O + H,0° 


The ionisation (or dissociation) equilibrium of a carboxylic acid is, 
j \ 
R-C-0H == R-C-O + H 


The dissociation or acidity constant K, for this reaction is 


K = 18000119] 
а= ^ [RCOOH] — 


The value of K, is directly proportional to the concentration of hydrogen ions and is a measure of 
the acidity of the individual acid. Larger value of K, means the acid is stronger. 


pK,=—log K, (pK, is the more common unit of acidity) 


Causes of Acidity — (i) Resonance effect — Delocalization of charge through resonance is the 
major factor responsible for large acidity of carboxylic acids when compared to alcohols. 


Both acid and carboxylate ion can exist in two canonical forms 
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2 РА 2 / 
RW y а-н [RQ RO 
| || ||| IV 
Non equivalent : less stable Equivalent : more stable 


In Il, there is separation of opposite charges and therefore it has more energy and is less stable 
than |. 


II] & IV have equivalent structures of equal stability. Thus stabilization is more for carboxylate 
ion than for acid and therefore more ionization and stronger acid. 


li) Effect of substituents : a) chloroacetic acid is 80 times stronger than acetic acid. In acetic 
acid the electron donating effect of methyl group destabilizes the anion. Thus acetic acid has a 
lower K, than formic acid. In chloroacetic acid, the electron withdrawing effect of chlorine 
stabilizes the anion due to dispersal of charge thus favoring more ionisation. Thus, in general, 
electron donating substituents weaken the acidity whereas electron withdrawing substituents 
make the acid stronger. Thus trichloroacetic acid is stronger than dichloroacetic acid and 
monochloro acetic acid. Fluoroacetic acid is stronger than chloroacetic acid which is stronger 
than bromo and iodoacetic acid. 


This influence also decreases with distance of halogen from the carboxylic group and becomes 
ineffective when there are four or more carbon atoms in a chain. 


Benzoic acid (pK, = 4.2) is slightly stronger than simple aliphatic acids because the carboxylate 
group is attached to a more electronegative carbon (sp* hybridised). Also the acidic character 
increases from saturated to unsaturated acids because carbon becomes more electron with 
drawing as its s-character increases. In case of substituted benzoic acid, electron withdrawing 
groups make the acid stronger because they stabilize the conjugate base. 


e.g. 
COOH COOH COOH 
Н, | NO, 
pKa = 4.4 4.0 3.4 


Carbonyl carbon in carboxyl group is less electrophilic than the carbonyl carbon in aldehydes 
and ketones due to resonance. The less electrophilic nature of the carbonyl carbon puts a partial 
positive charge on the hydroxyl O—atom, thereby making the hydroxyl group of carboxylic acids 
more acidic than the hydroxyl group of alcohols and phenols. 
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1. Reaction with metals 
2CH,COOH + 2Na ——— 2CH,COONa + H, 


Acetic acid Sod. acetate 
2CH,COOH + Zn ——- [CH,COO],Zn + Н, 
Acetic acid Zinc acetate 


2. Reaction with carbonates and bicarbonates 
2CH,COOH + Na,CO, ——— 2CH,COONa + CO, + H,O 


Acetic acid Sod. acetate 
CH,COOH + NaHCO, ——— CH,COONa + CO, + H,O 
0 0 0 0 


Me _ i MM Z^ | 
R-C-0-H + Ма 0-C-0H ——— R-C-0 Na -H-0-C-0-H 


Carboxylic acid 
CO,+H,0 


This reaction of carboxylic acid with NaHCO, is used to detect the presence of a carboxyl 
group in an organic compound. 


3. Reaction with alkalies 
RCOOH + NaOH ———- RCOONa + H,O 


Acetic acid Sod. Carboxylate 


RCOOH + NH,OH ——-- RCOONH, + Н,0 


Amm. Carboxylate 


ll. _ FORMATION OF FUNCTIONAL DERIVATIVES 
1. Formation of anhydride (Action of heat in presence of P,0,) 


2CH,COOH —59«^ —. (CH,CO),0 + H,O 


or conc H,SO, 
Ethanoic acid ethanoic anhydride 


2. Formation of esters (Reaction with alcohols or phenols) 


Acetic acid Ethyl alcohol Ethyl acetate 
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Formation of acid chloride (Reaction with SOCL, PCI., or PCI.) 
CH,COOH + SOCI, ——— CH,COCI + 50,7 + HCI 7 


Acetic acid Acetyl chloride 


CH,COOH + PCI, ———- CH,COCI + POCI, + НСІ 


Acetic acid Acetyl chloride 


3CH,COOH + PCI, ——— 3CH,COCI + H,PO, 
Thionyl chloride [SOCI,] is the best because its by products SO, and HCI are gases. 


Formation of amides (Reaction with NH.) 
CH,COOH + NH, ——— CH,COO NH, —*—. CH.CONH, + H,O 
Acetic acid Acetamide 
REACTIONS INVOLVING CARBOXYL [COOH] GROUP AS AWHOLE 
Reduction 


a) Reduction to alkanes 
CH,COOH + 6HI 1892473 К, CH —CH., + 2H,0 + 3I, 


Acetic acid Ethane 
b) Reduction to alcohols 
CH,COOH rro CH,CH,OH 
Acetic acid Ethanol 
Decarboxylation 
Using soda - lime 
CH,COONa + NaOH 200K , CH, + Na,CO, 


Methane 
Electrolytic decarboxylation 


Electrolysis of aqueous solution of sodium or potassium salts of fatty acids gives alkanes having 
twice the number of carbon atoms present in the alkyl group of the acid. This process is called 
Kolbe's Electrolytic reaction. 








2 RCOONa 2 СОО" + 2 Na’ (ionisation) 

2H,0 === 20H + 2H (ionisation) 
Atanode: 2RCOO -2e 2 RCOO°———- 2 СО, + R-R 
(unstable) Alkane 
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At cathode : Both Na‘ and H' (from H,O) are present, but H' ions are preferentially discharged due 
to their lower discharge potential w.r.t. Na ions and thus hydrogen gas is evolved at the cathode. 


2H + 26 
For example 2 CH,COONa 


Sod. acetate 





H, 
2CH,COO + 2Në ....... (ionisation) 





2H,0 = 20H + 2H ... (ionisation) 
At anode : 2 CH,COO -2e —— 2CH,COO ——— 2 CO, + CH.-CH, 
(unstable) Ethane 


At cathode: 2H + 2e 





H, 


4. ресагрохуіаїоп of silver salt of carboxylic acids in presence of bromine 


CH,COOAg + Br, 2880, СН. Вг+С0, + AgBr 


Silver acetate Methyl bromide 





This reaction is called Hunsdiecker reaction. 


IV. Reactions of the Alkyl group Halogenation [Hell Volhard Zelinsky (HVZ) reaction] 


Carboxylic acids (except formic acid which does not contain an alkyl group) react with chlorine 
or bromine in presence of small quantities of red phosphorus to give exclusively o—chloro or 
о-ргото acids. 


Cl,, red P Cl,, red P Cl,, red P 
CH,COOH SP. CICH,COOH "4, CI,CHCOOH CP. CI CCOOH 


Acetic acid chloroacetic acid Dichloroacetic acid Trichloroacetic acid 


D Q Q Q 
CH,CH,COOH A. iis nd ъз”, H,CCBr,COOH 
Br 


Propionic acid о-Вготоргоріопіс acid о, o—-Dibromopropionic acid 


Halogenation exclusively occurs at the o-position and the reaction stops when all the 
o—-hydrogens have been replaced by the halogen atoms; 
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V — ELECTROPHILIC SUBSTITUTION IN AROMATIC ACIDS 


since the -COOH group is electron withdrawing, therefore, it is meta-directing. Thus 
electrophilic substitution reactions in benzoic acid occur at the meta-position. Since the COOH 
group is deactivating reactions take place only under drastic condition. 





COOH 
Br/FeBr/A 
Bromination + HBr 
3\Br 
3—Bromobenzoic acid 
COOH COOH 
Conc. HNO, 
+ Conc. Н,50,, A 
Nitration + H0 
3 NNO, 
Benzoic acid 3—Nitrobenzoic acid 
COOH 
50,, Conc. H,S0,, A HO 
Sulphonation ш. 
3 NSO,H 


3—Sulphobenzoic acid 


Carboxylic acids, however do not undergo Fridel-Crafts reactions because the carboxyl group is 
strongly deactivating and the catalyst AICI, (Lewis acid) gets bonded to the carboxyl group 
strongly. 


EXCEPTIONAL BEHAVIOUR OF FORMIC ACID 

1. Formic acid is unique since it contains a hydrogen atom instead of an alkyl group. 
2.  Itis regarded both as an aldehyde as well as a carboxylic acid. 

3. . Formicacid acts as reducing agent. 


HCOOH + [0] CO, + H,O 





Like aldehydes, it reduces :- 
a)  Fehling’s solution to red precipitate 


b)  lollen'sreagentto silver mirror 
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с)  Decolourizes acidified KMnO, solution 
d) Turns K,Cr,O, solution green 


e) Reduces mercuric salts to mercurous salts 





2HgCl, + НСООН Но,СІ, + HCI + CO, 
mercuric formic mercurous chloride 
chloride acid (white ppt) 


Solved Example 


Q1. Acetone is treated with excess of ethanol in the presence of hydrochloric acid. The product 


obtained is 
] ] 
a. CH,CH,CH,-C-CH, b. CH,CH,CH,-C-CH,CH,CH, 
/OH „Обн, 
б. CH], C d. CH, C 
P NOC.H, P NOCH, 
Ans. isd 
CHN ‚СНМ ион снон СНМ. ОС,Н, 
Det C,H.OH = С — С 
CHY t сн NOCH, " CHOCH, 
Hemiacetal Acetal 


02. Cyclohexene on ozonolysis followed by reaction with zinc dust and water gives compound E. 
compound E on further treatment with aqueous KOH yields compound F. Compound F is 


а. үш b. С уо 
C. С уо d. C cor 
COH 


Ans. a 


This is ozonolysis followed by aldol condensation 
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C] їзє cu aet dil KOH . ш 
| ena ^ CHO 
a 
(yoo _ ES n 


H CHO 


Q3. Inthe given reaction sequence, 


| i 
CH.-CH,-C-CH, а [X] H,0/H [Y] 


[V] will be 
OH OCH, 

a. CH.-C-C.H, b. CH.- 6-0, 
ÓCH, OCH, 
] ] 

E CH.-C-C,H, d. CH,-CH-C.H, 


Ans. is c. The reaction sequence involves ketal formation followed by hydrolysis to give back the 
original carbonyl compound and alcohol. 


а D cH,OH(excess) ООН «ОСН, њон СЊСНХ 
CH j CHZ “ОСН, CH 


Q4. Thenumberofaldol reaction [s] that occurs in the given transformation is 


OH OH 
CH,CHO + 4HCHO 2022" cL 
OH 


OH 
a. 1 b. 2 
H 3 d. 4 


Ans. isc i.e. three aldol reactions. This is because after three aldol reactions. one cannizzaro reaction 
takes place to give the product 
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CHOH CH.OH 
CH,CHO + 3HCHO ——— HOH,C-C-CHO Маон, HOH,C-C-CH,0H 
CH,OH CH,OH 


Q5. Which ofthe following combination of aldehydes gives cross Cannizzaro reaction? 


a) CH,CHO, HCHO b) C,H,CHO, CH,CHO 
С) C,H,CHO, HCHO d) all of these 
Ans. C 


This is because in both a and b, CH,CHO is having e--H's and will undergo aldol condensation 


Q6. Compound A (molecular formula С.Н,О) is treated with acidified potassium dichromate to form 
a product ‘B’ (molecular formula С.Н.О). ‘B’ forms a shining silver mirror on warming with 
ammoniacal silver nitrate. ‘B’ when treatred with an aqueous solution of HjNCONHNH,.HCI and 
sodium acetate gives a product ‘C’. Identify the structure of ‘C’. 


a. CH,CH,CH = NNHCONH, b. CH,-¢ = NNHCONH, 
CH, 


C. CH.-¢ = NCONHNH, d. CH,CH,CH = NCONHNH, 
CH, 


Ans. a 
CH,CH,CH,OH 2222. CH,CH,CHO coo CH,CH,CH=NNHCONH, 
(C,H,O) (A) (C,H,O) (B) 


oince (B) gives silver mirror test it is an aldehyde which reacts with semicarbazide and sodium 
acetate. 


Q7. Acarbonyl compound with molecular weight 86, does not reduce Fehling's solution but forms 
crystalline bisulphite derivative and gives iodoform test. The possible compound can be 


a) 2—pentanone and 3-pentanone 

D) 2—pentanone and 3-methyl-2-butanone 
C) 2—pentanone and pentanal 

d) 3—pentanone and 3-methyl-2—butanone 
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Ans. b аша. апа лашы. 
0 О CH, 


since the compound does пої reduce Fehlings solution, it is а ketone and since it gives iodoform 
test itis a methyl ketone. 


0 


COOEt 
Q8. HO, дА, В 


The compound Bis 


0 
0 


Апѕ. а 
0 0 0 
COOEt COOH 
H'/H,O A 
[3—Кето acid 


B—keto acids undergo decarboxylation easily on heating 


Q9. o-Toluicacid on reaction with Br, + Fe gives 


СН,Вг СН, 
CO.H COOH 
a. b. 
Br 
CH, CH, 
CO.H CO.H 
C. d. 
Br 
Br 
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Ans. С 


since —CH, group is para directing and -CO,H group is m-directing. 


Q10. An organic compound A upon reacting with NH, gives B. On heating B gives C. C in the presence 
of KOH reacts with Br, to give CH,CH,NH.. A is 


a. CH,COOH b. CH,CH,CH,COOH 
C. CH.-CH-COOH d. CH,CH,COOH 
on, 
Ans. d 
CH,CH,COOH “+ CH.CH,COONH, —— CH,CH,CONH, 
(A) (B) (С) 


(Ноїтапп 
Bromamide | Br,, KOH 
reaction) 


CH,CH,NH, 


Q11. Inasetof reactions, ethylbenzene yielded a product D. 


CH,-CH, кмпо, p — Br, ç CHOH, p 
K0H ^ D —K0H ^ Ho 


'D' should be 
COOC,H, 
a. Ol b. (0] "qo 
B 
Br 
Br COOH 
С d. 
Br OCH, 
CH,COOC,H, 
Ans. a 


coy te (Шш. coy E (ore T (oy m 
КОН” КОН" он” 
Br Br 
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PRACTICE QUESTIONS 
1. Identify the product Y in the following reaction sequence 


CH,CH,-COO\ - 
Ca reat X Th m Y 


CH,CH,-C00^ 
a. Pentane b. Cyclobutane 

б. Cyclopentane d. Cyclopentanone 

Ozonolysis of an organic compound ‘A’ produces acetone and propionaldehyde in equimolar 
mixture. Identify ‘A’ from the following compounds 

a. 2—methyl-1—pentene D. 1-Pentene 


C. 2—pentene d. 2—methylpent—2—ene 


Identify the product of the reaction 
Н.О, Mg” 


PhC =C Me ? 
а. PhCH,CH,CHO b. PhCOCH,CH, 
C. PhCH,COCH, d. PhCOCOMe 


CH,CH,-C = N —— CH,CH,-CHO 

The reagent /s Xis [are] 

a. SnCL/HCI, H,O/boil b. H,/Pd—BaSO, 

С. LiAIH /ether d. NaBH /ether, H,0+ 





COCI 
Consider the following reaction, T € A. The product A is 


a. C.H,CHO р. C.H.OH 
C. C.H,COCH, d. C.H.CI 


Inthe given reaction, 


| 
R-C-CI — [x] 
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[x] will be : 
О О 
Е ROR Ч RCH 
С. 1 d. | 
R-C-CH,R RCH,-C-CH,R 


7. Consider the structure of given alcohol : 


OH 
сан, 0-с, 
CH, 
Thealcohol can be prepared from 
О О 
д. ¢.H.-C-CH. and C,H,MgBr D. CH.-CH,-C-CH, and C,H,MgBr 
О 
б. C.H.-C-CH. and CH,MgBr d. All of these 


0. Inthe given reaction : 


C,H.-CH2CH-CHO > C.H,-CH,-CH,-CH,OH 


[x] will be 
а. NaBH, D. Aluminium isopropoxide 
C. LiAIH, d. All of the above 


9. Which one of the combinations will give propionaldehyde on dry distillation? 


a. [C,H,;COO], Ca and [HCOO ],Ca 
b. [CH,COO], Ca and [CH,CH,-CO0],Ca 
D: [CH,CH,-C00], Ca and [HCOO |,Ca 


[CH4C00], Ca and [CH,COO],Ca 
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10. 


11. 


12. 


13. 


14. 


15. 


The reagent with which both acetaldehyde and acetone react easily is 
a. Tollen's reagent D. ochiff's reagent 


б, Grignard reagent d. Fehling reagent 


The compound that will not give iodoform on treatment with alkali and iodine is 
а. acetone D. ethanol 


C. diethyl ketone d. isopropyl alcohol 


Which of the following has the most acidic hydrogen ? 
а. 3—hexanone D. 2, 4-hexanedione 


C. 2,5-hexanedione d. 2, 3—hexanedione 


A mixture of benzaldehyde and formaldehyde on heating with aqueous NaOH solution gives 


d benzyl alcohol and sodium formate 

D. sodium benzoate and methyl alcohol 
D: sodium benzoate and sodium formate 
d. benzyl alcohol and methyl alcohol 


Butan —2-one can be converted to propanoic acid by which of the following? 
a. NaOH, Nal/H* b. Fehling solution 
p: NaOH, L/H* d. Tollen's reagent 


In the given reaction : 


OH 
[A] + [B] = H.0-CH-CH-CHO 
CH, 
[A] and [B] will respectively be: 
a. HC-CH,-CHO and CH,-CH,-CHO b. H,C—CHO and CH,-CH,-CHO 
CH 
C. H,C—CHO and CH,-CHO d. H4C-CHO and 1.0-¢-CHO 


CH, 
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16. Inthe given reaction : 
[A] + [B] 4208/2. 6 H.-CHZCH-CHO 





[A] and [B] will be : 
а. C,H,CHO and HCHO D. C,H,CHO and CH,CH,-CHO 
C. C,H,-CHO and CH.-CHO d. C,H.-CH,-CHO and CH,-CHO 


17. Basecatalysed aldol condensation occurs with 
а. Propionaldehyde D. Benzaldehyde 
С. 2, 2-dimethyl butanaldehyde d. 2, 2-dimethyl propionaldehyde 


18. Which of the following compounds will give a yellow precipitate with iodine and alkali? 
д. 2—hydroxypropane D. Benzophenone 


С. Methyl acetate d. acetamide 


19. Which of the following is an example of aldol condensation? 














CH, CH, 
a. 2CH,COCH, a CH, - 6-6 - CH, 
H OH 
OH 
D. 2CH,COCH, - “809, H C- а -CH,COCH, 
CH, 
C. 2HCHO 20H, CH. OH + HCOONa 
d. С.Н.СНО + HCHO -9 ^0", C H CH. OH + HCOONa 


20. Iheproductofthe reaction 


се (i) NaQH/H,0 
i) NaOH/H, 
(Of эген 
CH,-CHO 


will be 


354 


A program to gie wings to gif students STUDY MATERIAL FOR CHEMISTRY - XII 
CHO 
a. D. CON 
CHO 


21. Aldol condensation between acetaldehyde and propionaldehyde will give how many products? 
д. Two D. Four 
б. Three d. One 


22. Inthereaction: 





[x] will be 

ре On 

23. Inthe scheme given below, the total number of intramolecular aldol condensation products 
formed from 'y' is 


1) aq. NaOH X NaOH 
~ 2)heat > heat 
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24. 


20. 


26. 


2/. 
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Predict the product in the given reaction 


Q _50% KOH . 

CH,OH CH,COO- CH,OH OH 
OH OH 

CH,OH CH,OH coo 

OH 


Inthe cannizzaro reaction given below 
2Ph-CHO 2 Ph – CH,OH + PhCO, , the slowest step is 


а. the attack of OH at the carbonyl group 
D. the transfer of hydride ion at the carbonyl group 
С. the abstraction of a proton from the carboxylic acid 


the deprotonation of Ph-CH,OH 
Trichloroacetaldehyde was subjected to Cannizzaro’s reaction by using NaOH. The mixture of the 
products contains sodium trichloroacetate and another compound. The other compound is 
а. Trichloromethanol D. 2,2, 2—Irichloropropanol 
б. Chloroform d. 2,2, 2- lrichloroethanol 
If heavy water is taken as solvent instead of normal water while performing Cannizzaro reaction, 
the products of the reaction are 
а. RCOO +RCH,OH D. RCOO +RCH,OD 
С. RCOOD +RCD,OD d. RCOO +RCD,OD 


UD 


AD 
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29. 


30. 


31. 


32. 


CHO 
(i) Conc. NaOH 
(ii) H,O/H' 
CHO 


Q 
COOH 
a. b. А 
j^ 
COOH CH, 
COOH CH,OH 
| СТ i о! 
ОН СНО 


А compound A undergoes Cannizzaro reaction апа В undergoes positive iodoform test. 
Therefore, 


а А =Acetaldehyde В = 1-Pentanal 

р. A=C,H,CH,CHO В - 3-Pentanone 
С. A=Formaldehyde В = 2—Pentanone 
d. А = Propionaldehyde В = 1,2-Pentanol 


The order of reactivity ої phenylmagnesium bromide (PhMgBr) with the following compounds; 
IS 


. CH,CHO Il. CH,COCH, 
I. ^ PhCOPh 

a. TESTES b. ТЕЧ 
C. ТЕ d. I> I> 


During reduction of aldehydes with hydrazine and potassium hydroxide, the first step is 
formation of 


a. R-C=N b. R-CO-NH, 
C. R- CH - NH d. R-CH-N-NH, 


Which of the following reagent reacts differently with HCHO, CH,CHO and CH,COCH,? 
a. HCN b. NH,NH, 
C. NH,OH d. NH, 
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33. Inthe given transformation which of the following is the most appropriate reagent ? 


CH = CHCOCH, CH = CHCH,CH, 
Ly ~ Ly 
HO HO 


a. Zn-Hg/HCI b. H,—Pd/BaS0, 
б. NaBH, d. LiAIH, 


34. Thereagent used for separation of acetaldehyde and acetophenone is 
д. NaHSO, D. C.H,NHNH, 
б NH,OH d. NaOH-l, 


35. Consider the reaction :- 
RCHO + NH,NH, —————_- RCH = N - NH, 


What sort of reaction Is it? 


а. Electrophilic addition — elimination reaction 
b. Free radical addition — elimination reaction 
C. Nucleophilic addition reaction 


Nucleophilic addition — elimination reaction 


36. Acompound A (C.H,,ClI,) on hydrolysis gives C;H,40 which reacts with NH,OH, forms iodoform 
but does not give fehling test. A is 


CI CI 
a. CH-G-CH,-CH-CH, b. CH.CH.-C-CH.O, 
С! С! 
CI Cl Cl 
C. CH,CH,CH,CH,CH-CI d. CH,-CH-GH-CH,CH. 
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37. 


38. 


39. 


40. 


41. 


42. 


Which of the following acids on heating loses a molecule of H,O to form an о, B-unsaturated 
acid? 


a. CH,CHOHCOOH р. HOCH,COOH 
p CH,CHOHCH,COOH d. HOCH,CH,CH,COOH 


Which of the following carboxylic acid undergoes decarboxylation easily? 


a. C,H.-CO-CH,-COOH b. C,H.-CO-COOH 
с. C,H,-CH-COOH d. C,H.-CH-COOH 
H NH, 


The compound that does not liberate CO,, on treatment with aqueous sodium bicarbonate 
solution is 


а. benzoic acid D. benzenesulphonic acid 

С. Salicylic acid d. carbolic acid (Phenol) 

When propionic acid is treated with aqueous sodium bicarbonate, CO, is liberated. The C of CO, 
comes from 

а. methyl group D. carboxylic acid group 


б. methylene group d. bicarbonate group 


Benzoyl chloride is prepared from benzoic acid by 
a. CL, ho b. 50,01, 
С. SOCI, d. CL, H,O 


The compound that undergoes decarboxylation most readily under mild condition is 


COOH COOH 
CH,COOH 0 
a b. 
COOH CH,COOH 
COOH 0 
С d. 
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43. Which ofthe following reagents may be used to distinguish between phenol and benzoic acid? 


а. Tollen's reagent D. Molisch reagent 
б, Neutral FeCl, d. Aqueous NaOH 


44. Inthe reaction 
CH.COOH LiAIH, А PCI, B Alc. KOH C 
3 
The product C is 
а. Acetaldehyde D. Acetylene 
D: Ethylene d. Acetyl chloride 


Zn CH,CI KOH 
49. Phenol M x— X -Anya АСГ" Y KMnO,” 4 


the product / 15 
д. Benzaldehyde b. Benzoic acid 


С. Benzene d. Toluene 
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ANSWERS 
І а 2 0 3. D 4 a 
D а 6 a l. d 8 C 
9. C 10. C 11. С 12. D 
13. a 14. C 19: D 16. C 
17. à 18. à 19 D 20. à 
21. D 22. d 29; à 24. С 
25. D 26. d 27. D 28. р 
29. С 30. d 31 d 32. d 
33. а 34. a 35. d 36. a 
37. С 38. a 39. d 40. d 
41. С 42. b 43. С 44. С 
45. D 
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UNIT - 13 
ORGANIC COMPOUNDS CONTAINING NITROGEN 


Learning Objectives 

After studying this unit, the student would be able to 

© classify the amines according to their degree of substitution 

o tell aboutthe shape and hybridisation of amines 

o explain the methods of preparation of amines 

o describe the physical properties of amines 

o tell the effect of various substituents on basicity of amines 

e describe the various chemical reactions of amines 

o distinguish between the three classes of amines, primary, secondary and tertiary 

o discuss the preparation of diazonium salts 

o understand the importance of diazonium salts in the preparation of other organic compounds 
o describe the utility of diazonium salts in preparing azo dyes and acid-base indicators 


© explain the uses of amines 
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Organic Compounds Containing Nitrogen 


Amines 


Amines are derivatives of ammonia in which one or more hydrogen atoms are replaced by alkyl or aryl 
groups. 


Nitrogen atom of amines is trivalent and contains an unshared pair of electrons in its fourth orbital. 
Hybridisation is sp" and shape is pyramidal. 


Classification : Amines are classified according to their degree of substitution at nitrogen atom. Thus 
amines are designated as primary (1°), secondary (2°), or tertiary (3°) depending on whether one, two 
orallthree hydrogen atoms in ammonia are substituted by alkyl or aryl groups. For example 


Primary (1°) - RNH, 

Secondary (2^) - R,NH 

Tertiary (3) - RN 

The R group may be aryl or alkyl group and they may be identical or different. 


secondary and tertiary amines having different kind of alkyl groups are known as N-substituted 
primary amines where the longest alkyl chain attached to nitrogen is taken as the basic amine, for 
example, 


DAR is N-methyl ethanamine 
H 


Preparation of amines 


1. Reduction of nitro compounds 


CH,CH, = №О, + ЗН, —®=° > cH CH, – NH, + 2H,0 


Nitroethane Ethylamine 
CH,CH, – NO, Sur’! > CH,CH, – NH, + 2H,0 
Nitroethane Ethylamine 

NO, NH, 
CeO) 
Nitrobenzene Aniline 
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Hofmann's Ammonolysis of alkyl halides 


+ — 
R-X + NH, ————> R-NH,X —“™ > RNH, + NaX + Н,0 


ammonia alkyl Primary 
ammonium amine 
halide 


АМН, + RX ————> R,NH —*— RN —®— R,N’X” 


Hofmann’s ammonolysis of alkyl halides usually gives a mixture of primary, secondary and 
tertiary amines along with some quaternary ammonium halides, because the replacement of 
hydrogens on N atom in ammonia does not stop at the first stage. The process of alkylation on N 
atom continues to form a secondary and a tertiary amine and finally a quaternary salt. A good 
yleld of primary amine may still be obtained by taking ammonia in large excess over alkyl halide. 
Reactivity of halides with amines is RI > RBr> ВО! 


Limitation 


This method cannot be used for the preparation of arylamines since aryl halides are much less 
reactive than alkyl halides towards nucleophilic substitution reactions. 


From nitriles and Isonitriles 


H,/Raney Ni 
== т 
а) CH,C n or Na—Hg/C,H,OH Ch,CH,NA, 
Acetonitrile or Ethylamine 
LiAIH, (primary amine) 


Aromatic nitriles are also reduced similarly 


b) Reduction of isocyanides or carbylamines 


_, H,/Raney Ni or Pd 
CH,CH,-N=C —~sialnvether > CH;CH,NHCH, 
Ethyl isocyanide Ethylmethylamine 
(secondary amine) 


Reduction of amides 


i) LiAIH,/eth 
CH,CONH, — уно > CH,CH,NH, 
Acetamide Ethylamine 
primary amine 


C,H,CONH, — уно > CsH,CH,NH, 
Benzamide Benzylamine 
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oubstituted amides give secondary amines 


О 

| : 
CH,-C-NH-CH, — P594". CH CH NHCH, 
N-Methyl ethanamide secondary amine 


Gabriel phthalimide reaction 


CO CO 
N N a CHJA 
NH + KOH[alc] >> NK = 
CO” | co” 
Phthalimide Pot. Phthalimide 
COV " COOH 
N- C,H; но А +CH;NH, 
co” = соон Ethylamine 
N-Ethylphthalimide Phthalic acid 
Limitations 


a)  Onlyprimary amines can be synthesized by this method. 


b) Aromatic primary amines such as aniline, toluidines cannot be prepared by this method 
because aryl halides do not undergo nucleophilic substitution reaction with potassium 
phthalimide under mild conditions. 


Hofmann degradation of primary amides (Hofmann bromamide reaction) 
CH,CH,CONH,+ Вг, + 4KOH —— СН,СН,МН, + K,CO,+ 2KBr + 2Н,0 


Propionamide Ethylamine 
CONH, NH, 
Ф + Br, + 4KOH—> © + K,CO,+ 2KBr + 2H,0 
Benzamide Aniline 


This reaction provides a method for stepping down the series, since the amine produced 
contains one carbon atom less than the starting amide. 


Reduction of Oximes 
CH,CH = МОН ~епаснок> СН.СН,МН, 
Acetaldoxime Ethylamine 
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0. By reductive amination of aldehydes and ketones 


CH,-CH = 0 + NH, —;5— [CH,-CH = NH] — A> CHCH,- NH, 
Acetaldehyde Ammonia. Acetaldimine | Ethylamine 

CH; үн, ÇH; 
CH-C=0+NH;, sg [CH-C=NH] — > CH-CH-NH, 
Acetone Ammonia * Dimethylketimine ` Isopropylamine 


Physical Properties 


Physical state : Amines containing one to three carbon atoms are colourless gases at room 
temperature and have fishy odour. Amines with four or more carbon atoms are volatile liquids 
and the higher amines are solid. Amines are usually colourless but due to oxidation on keeping, 
they become coloured. 


Boiling Points : The boiling points of primary and secondary amines are lower than those of 
alcohols of comparable molecular mass because of lesser degree of intermolecular association. 
This is because hydrogen bonds in amines are less strong than in alcohols because of lower 
electronegativity of nitrogen than oxygen. The boiling points of tertiary amines are near to those 
of alkanes of comparable molecular mass because they do not form hydrogen bonds since they 
do not have a hydrogen bonded to nitrogen. Thus the boiling points of isomeric amines are in the 
order primary » secondary » tertiary. 


Solubility : All the lower amines (containing less than six carbon atoms) are soluble in water 

because all the three classes of amines are capable of forming hydrogen bonds with water 

molecules. The solubility in water decreases with increasing size of the alkyl group. Amines are 

soluble in non-polar solvents like benzene, ether etc. Aromatic amines are insoluble in water 
Chemical Reactions of Amines 


1. Basic character of amines : All the three classes of amines are basic in nature because of their 
unshared electron pair. The three amines react reversibly with water to form alkyl substituted 
ammonium ions and hydroxide ions. 

[NA + T 
ААН, + H- ОН === RNH,OH == RMH, + OH 


They also react with acids to form salts. 


T 
ААН, + HX ——>RNH, X 
Alkylammonium halide 
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NH, 
A + HX —? 


The measure of the basic strength can be understood in terms of K, and pK,. K(equilibrium 


+ 
NH.X 


+ " + 
[RNH;] [OH] [RNA] [OH ] 


constant) can be expressed as K= ———- ~~ or K[H,0] = 

n _ [RNH;] [Н,0] [RNH,] 
ork, = АМН [OF] 

[RNH,] 
or pK, - -log K, 


Larger the value of K,, stronger would be the base and smaller the value of pK,, stronger the base. 


Effect of Structure on Basicity - All aliphatic amines are stronger bases than ammonia. This is 
because of the availability of the unshared electron pair on the nitrogen. Alkyl groups are 
electron releasing and thus electrons will shift towards the nitrogen making the unshared 
electron pair on nitrogen more readily available. However the basicity order for three classes of 
amines is, R-NH, < R,-NH > В.А. 


Dialkyl amine having two electron releasing alkyl groups will be a strong base than alkyl amine 
(primary amine) because of the enhanced electron availability due to inductive effect of alkyl 
groups. Accordingly trialkyl amine having three alkyl groups should be more basic but it is less 
basic in aqueous solution. This is because in the aqueous phase, the substituted ammonium 
cations get stabilized by solvation with water molecules apart from stabilization by electron 
releasing alkyl groups. The order of stability of the ions are dependent on the extent of 
H-bonding and is as follows 


OH, OH, 
H H R 


|, 


|, Е 
R-N-H-0H, >  R-N-H--OH, > еы 


OH, 
a) 2) © 
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3. 
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According to this, the order of basicity is 1° > 2°> 3°, which is opposite to the basicity due to 
inductive effect. Also in trialkylamine, the overcrowding of the three alkyl groups causes a Steric 
effect which retards the protonation of nitrogen resulting in lower base strength of trialkylamine 
in water. All effects i.e. inductive effect, steric effect and solvation effect put together give the 
above order in aqueous phase. Whereas in gas phase, the basicity of amines follows the 
expected order i.e. 3» 2^» 1° > NH, because only inductive effect plays a role in gas phase. 


Arylamines are weaker base than ammonia since the aromatic ring is electron withdrawing and 
thus reduces the electron ub on d as shown, 


(NH 


one cy (у 


In substituted anilines, the electron releasing groups, -R (alkyl), — OR, – NH, increase the basic 

character since they increase the electron availability on nitrogen. Whereas electron 
| 

withdrawing groups such as -NO,, -COOH, -X (halogen), —C-, etc decrease the basicity since 

they withdraw electrons and make the electron pair less available for donation. 


Alkylation 


CH,NH, + CH,Br ——» CH,- NH - CH, “> CH,- N CH, E N — eap 


:HBr 
= 
NHCH, 
— =» | _ | 
| х |+ CHI — | | | -— | у " | ч 
N-methyl- N, N-Dimethyl- Trimethylanilinium 
aniline aniline iodide 


Acylation — Reaction with acid chlorides and acid anhydrides. The amine may be aliphatic or 
aromatic, primary or secondary amines. A tertiary amine lacking any hydrogen on nitrogen, 
does not react at all. 
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| | 
R-C-CI + АМН, —? R-C- МНА + HCI 


Acid chloride 1° Amine N-Substituted amide 


| | 
R-C-Cl+R,NH—> R-C- NR, + HCI 


2" Amine N, N-disubstituted amide 


0 О 
|| 
NH, + CH, -  — cy rene y NH- C - CH, + HCI 
Acetyl chloride N-Phenylethanamide 


Benzenamine ш 
(Aniline) 


NH, + C,H; - l- Lana, NH- C- C,H; + HCI 
Benzoyl chloride N-Phenylbenzamide 


Benzenamine (Benzanilide) 
(Aniline) 


Benzoylation of compounds containing an active hydrogen atom such as alcohols, phenols and 
amines with benzoyl chloride in presence of dilute aqueous NaOH solution is called Schotten — 
Baumann reaction. 


4. |J Reaction with aldehydes and ketones 


АМН, + RCHO —— RN = CHR+H,0 


1° Amine aldehyde ochiff's base 
H H 
RET К 
RNH,+0=G => R-N-6 +H,0 
$ ^b 
1° Атіпе ketone епатіпе 
Aniline Benzaldehyde Benzalaniline 
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5. Reaction with grignard reagent 


NHR 
АМН, + А” MgX ——> В’ - H+ Mg 


1° Amine  grignard alkane 
reagent 


N 


6. Reaction with carbon disulphide 


[ 
CH,CH,NH, + S = C = S" CH.CH,NH – С - SHŻ>CH,CH, -N = C = S + HgS + 2HCI 


Ethylamine Dithioethylcarbamic acid Ethyl isothiocyanate 


This reaction is called Hofmann mustard oil reaction and is used as atestfor primary amines. 


/. | Reaction with Nitrous Acid-Primary, secondary and tertiary amines react differently with nitrous 
acid. 


Primary aliphatic amines react with nitrous acid to form aliphatic diazonium salts which are 
unstable and liberate nitrogen gas thus forming the corresponding alcohol. Nitrous acid which 
is produced in situ is unstable and thus reaction is carried atlow temperature. 


CH,CH,NH, + zo agg? CH;CH, - МСГ ——> CH,CH, - OH + N, 


Aromatic primary amines react with nitrous acid at low temperature to form diazonium salts, 
which is an important class of compounds used for various synthetic purposes. The reaction 
also forms the basis for azo dye test. 


NH, == NCF 
+ МаМО,+ HOI EAE 5 +2H,0 
Aniline Benzenediazonium chloride 


This reaction of converting aromatic primary amines into diazonium salts by treatment with a 
cold [273-278 K] solution of nitrous acid is called diazotisation. 


Reactions given by aromatic amines only. 


0. X Reaction with phosgene or carbonyl chloride 
C,H,NH, + COCI, —per> C,H.NH – COCI cr dn C.H,-N=C =0 


Aniline Phenyl isocyanate 
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9. A Electrophilic substitution reactions 
+ + + 
(ЇН, NH, NH, CNH, 


+ = 2 C 


G &) 


-NH, group strongly activates the aromatic ring through delocalization of the lone pair of 
electrons of the N-atom over the aromatic ring. As a result, electron density increases more at 
0- and p-positions as compared to m-positions. Therefore, the МН, group directs the 
incoming group to o- and p- positions, i.e NH, is an o-, р directing group. Due to the strong 
activating effect of the NH, group, aromatic amines undergo electrophilic substitution reactions 
readily and it is difficult to stop the reaction at the monosubstitution stage. 


|) “ew 


NH, 
Br Br 
+3Br, — y + 3HBr 


Aniline 


2, 4, 6-Tribromoaniline 
If a monohalogenated derivative is required, the amino group is first acetylated and then 


halogenation of the ring is carried out. After halogenation, the acetyl group is removed by 
hydrolysis and the monohalogenated amine is obtained. 


NH, NHCOCH, NHCOCH, NHCOCH, 
_ (©0000, CO),0 ою COOH 
—CH,cOOH ? COOH "(Nuclear bromination) ^ bromination) 
(Acetylation) 
Aniline Acetanilide o-Bromoacetanilide 


(minor) 


p- "LM 
(major) 


H'/H,O (Hydrolysis) 
—(CH,COOh) 
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3/2 


NH, NH, 


o-Bromoaniline 
Br (minor) 
p-Bromoaniline 
(major) 
The lone pair on nitrogen enters into resonance with oxygen of carbonyl group thus 
making itless available for donation to benzene ring. 


TON 
s Sone MNO, a HNO, 
Conc. H,S0, 293K” Н,50,, 293 К 
Aniline m-Nitroaniline m o-Nitroaniline (296) 


p- — 51%) 
The reason for formation of large amount of unexpected m-nitroaniline is that under 
Strongly acidic conditions of nitration, most of the aniline is converted into anilinium ion 
and since —-NH,° is a m-directing group, so an unexpected large amount of m-nitroaniline 
is obtained. To produce only o- and p- product during nitration of aniline, first protect the 
amino group by acetylation followed by nitration. The acetyl group is finally removed by 
hyd mI to give a mixture of o- and p-nitroanilines. 


NHCOCH, NHCOCH, NHCOCH, 
Conc. HNO, 
___(GH,CO),0 _ CO),0 + __а сопор Н,50, 
—CH,cOOH ” СООН 988K. K 
(Acetylation) (Nuclear nitration) 
Aniline Acetanilide o-Nitroacetanilide 
(minor) 
D- — à 
(major) 
H __Нћ y 0 
--—0H,000H ^ COOH 
(Hydrolysis) 
o-Nitroaniline 
(minor product) 
p- aud 


(major product) 
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iii) ^Sulphonation 
NH, NH,'HSO; NH, NH, 
455 – 475 K 
(Ce CC) 
Aniline Aniline hydrogen 
sulphate ЅО,Н o0. 


Sulphanilic acid 
(Zwitterion) 


oulphanilic acid contains both an acidic (S0,H) as well as a basic (NH,) group. It exists as 
an internal salt or zwitterion. Due to zwitterion character, sulphanilic acid has high melting 
point and is insoluble in water and organic solvents. 


iv) Friedel-Crafts reactions 
Aniline is a Lewis base while AICI, is a Lewis acid. They combine with each other to form a 
salt. 
rA" + 
C.H,NH, + AlCl, ———> C,H.NH,AICI, 


Due to the presence of a positive charge on N—atom in the salt, it acts as a strong electron- 
withdrawing group. As a result, it reduces the electron density in the benzene ring and 
hence aniline does not undergo Friedel Crafts (alkylation or acylation) reaction. 


10. Oxidation Reactions : Aromatic amines get easily oxidized on exposure to air forming complex 
coloured products. Aniline on oxidation with sodium dichromate and sulphuric acid gives a 
black dye known as aniline black. Though on controlled oxidation of aniline, p-benzoquinone is 
formed 


a 


p-Benzoquinone 


Tests to distinguish between 1°, 2° and 3’ Amines 


1. Carbylamine test or Isocyanide test. Both aliphatic and aromatic primary amines on heating with 
chloroform in presence of alcoholic KOH form carbylamines or isocyanides having extremely 
unpleasent smell. 


АМН, + CHCI, + 3 KOH (alc) —4—> R-N2C+3KCI+3H,0 


1° Amine Isocyanide 
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2.  Hinsberg Test 


The reaction of primary and secondary amines with benzenesulphonyl chloride forms the basis 
of this test. In this test, the given amine is treated with benzene sulphonyl chloride (Hinsberg 
reagent) in the presence of cold aqueous NaOH and then the resulting mixture is acidified. 


a) A primary amine gives a clear solution which on acidification gives an insoluble 
N-alkylbenzene sulphonamide 


| | " 
5-01 + H-N-R — S-N-R | s 
6 1° Amine 6 | 


Benzenesulphonyl N-Alkylbenzene 
chloride sulphonamide 
0 0 H 
а [ie us 4 N- 
I E (-KCl) | 
Potassium salt N- RAE 
(soluble) (Insoluble) 


b) A secondary amine gives an insoluble N, N-dialkylbenzenesulphonamide which remains 
unaffected on addition of acid. 


О R OR 
| | T | | 
ү“! + H-N-R ———> y NR + KCI + H,O 
0 2 Amine 0 
Benzenesulphonyl chloride N, N-Dialkylbenzenesulphonamide 
(Insoluble) 


C)  Ateriary amine does not react at all. Therefore, it remains insoluble in the alkaline solution 
but dissolves on acidification to give a clear solution. 


C,H,SO,Cl + NR, —KOH 5 No reaction —S24-> R, NHCr 


Benzenesulphonyl 3° Amine (3° Amine remains Trialkylammonium 
chloride insoluble in KOH chloride 
solution) (Soluble in HCI) 


3. Ато dye test (only for 1° aromatic amines). Aromatic primary amines can be distinguished from 
aliphatic 1° amines by azo dye test. Dissolve the 1° amine in dil. HCl and cool it to 273-278 K and 
then treat it with ice-cold solution of HNO,(NaNO, + dil. HCI) at 273-278 K. The resulting solution 
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is then added to a cold alkaline solution of 2-naphthol (B-naphthol). Appearance of an orange or 
yellow dye confirms the presence of an aromatic 1° amine. 


(^ yw Hono но 22225, икон. C y МСГ + 2H,0 


Aniline Benzenediazonium chloride 


OH 


T err 
_ = Dil. Dil. NaOH „ 
Benzenediazonium chloride 
2-Naphthol 


1-Phenylazo-2-naphthol 
(Orange dye) 


4. Libermann nitrosoamine test for secondary amines 


d) Secondary amines (aliphatic and aromatic) react with nitrous acid to give yellow oily 
compounds called nitrosoamines and the reaction is called nitrosation. (Replacement of 
the available hydrogen on nitrogen by nitroso group) 


кечке tue etu 
R R 


Nitrosoamine 


b) When nitrosoamine is warmed with a little phenol and small amount of sulphuric acid, it 
produces a green solution which turns deep blue or violet on treatment with NaOH. 


9. Aliphatic tertiary amines (R,N) have no hydrogen on nitrogen and thus do not react with nitrous 
acid. They simply dissolve in nitrous acid by forming the trialkyl ammonium salt of nitrous acid. 


RN + HO-N 20 ——> [RN -H 0O-N-0 
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Diazonium Salts 
Aromatic diazonium salts are more stable than _— diazonium salts due to resonance. 
NN: Y fy е 


Са 


Because of their instability, diazonium salts cannot be stored and are used immediately after 
preparation. 


Preparation 
This process of conversion of a primary aromatic amine into its diazonium salt is called diazotisation. 
General formula is RN,'X where Ris alkyl or aryl group and X = CF, Вг, NO, orany other anion. 


Name : They are named by adding the word diazonium to the parent aromatic compound followed by 
the name of anion. For example, C,H.N, Cl is benzene diazonium chloride, p—CIC,H,N,HSO, is 
p-chlorobenzene diazonium hydrogen sulphate. 


Physical Properties : Dry diazonium salts are crystalline solids. They are readily soluble in water. They 
are unstable and may explode in dry state. Thus they are not isolated and are used in the solutions in 
which they are prepared. 

Reactions of diazonium salt 


1.  Sandmeyer reaction 





CuCl / HCI CI + № 
2 
Chlorobenzene 
y - CuBr/HBr 
C y = NCI Br + N, 
, | Bromobenzene 
Benzenediazonium 
chloride 
2 


Benzonitrile 
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2.  Gattermann reaction 
wit > C H—CI + №, 


+ 
- Cu/HBr 
C,H,—N = NCI C,H,—Br + №, 
Benzenediazonium 
chloride 


SUKON > C H,—CN + №, 


o Reaction with KI 
N = NCI 


С) 


4. Balz Schiemann reaction 


N = NCF N= N BF, 


Oe dre 


5. Reaction with H,O 


N = NCF 


ye ш er + HCI 


6. Formation of benzene 
ААХ + HO, + H,O “> Ar-H + HPO + HX + NT 


Arenediazonium salt Arene Phosphorus acid 

+ 
Ar-NNX + CH,CH,OH —4-> Ar-H + N, + HX + CH,CHO 
Arenediazonium salt Ethanol Arene 
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7. | Formation of nitrobenzene 


+ 
N = МСГ № = NBF, NO, 
1 HBF, LC wa à N, i NaBF, 
Fluoroboric 
acid 
Benzenediazonium Benzenediazonium Nitrobenzene 
chloride fluoroborate 


Coupling reactions 


Ou NCI aC yo шь (уч - 0 У—он+но 


Benzenediazonium chloride Phenol p-Hydroxyazobenzene (orange) 
ша —5) 
(Aisn a pn учн 
(—HCl) 
Benzenediazonium chloride Aniline p-Aminoazobenzene (yellow) 


o In coupling reactions, nitrogen is retained in the product. 

© Diazonium salts only react with aromatic compounds having strong electron releasing groups. 
© substitution usually occurs at para position to the activating group. 

o Phenols couple in mildly alkaline medium and amines in mildly acidic medium. 

© These products are called azo compounds. 


ө Azo compounds are brightly coloured, yellow, orange, red, blue etc and are of importance as 
dyes. 


о Azo compounds аге also used as acid - base indicators. 


Uses of Amines 


1. Aliphatic amines are used as solvents, intermediates in drug manufacture and also as reagents 
in organic synthesis. 


2. Quaternary ammonium salts, also derived from long chain aliphatic tertiary amines are widely 
used as detergents. 
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Aromatic amines are also used as intermediates for the synthesis of dyes, drugs, textiles and 
photographic developers. 


4. Aromatic amines serve as the starting material for diazotization reaction to give diazonium salts. 
These diazonium salts are used for the synthesis of many compounds. 

Solved Examples 

Q1. p-Chloroaniline and anilinium hydrochloride can be distinguished by 
a. sandmeyer reaction р. NaHCO, 
б. AgNO, d. Carbylamine test 

Ans. is (с) AgNO.. Since p-chloroaniline contains chlorine in the bound form it will not react with 
AgNO, but anilinium hydrochloride will release СГ when dissolved in water and thus gives a 
precipitate with AgNO.. 

Q2. Apositive carbylamine test is given by 
а. N, N-dimethylaniline D. 2, 4-dimethylaniline 
C. N-methylaniline d. p-methylbenzylamine 

Ans. is (b) and (d) both will give the carbylamine test since both (b) & (d) contain a primary amine 
group whereas (a) is a tertiary amine and (с) is a secondary amine and the carbylamine test is 
given only by primary amines. 

Q3. Ап organic compound A on treatment with NH, gives ‘B’ which on heating gives ‘C’. ‘œC when 
treated with Br, in the presence of KOH produces ethylamine. Compound ‘А is 
a. CH,COOH D. CH,CH,CH,COOH 
b. CH.-CHCOOH d. CH,CH,COOH 

| 
CH, 
Ans. is(d) CH,CH,COOH 


CH,CH,COOH —#—> CH,CH,COONH, —’->CH,CH,CONH, 
(A) (B) (C) 
Br,/KOH 


CH,CH,NH, 
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Q4. 


Ans. 


Q5. 


Ans. 
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Inthe chemical reaction 


NaNO, CuCN 
C,H;NH, HCI, 278K^ А A B 


The compounds A and B are: 


a. Nitrobenzene and chlorobenzene 
D. Phenol and bromobenzene 
b: Flourobenzene and phenol 
d. Benzene diazonium chloride & benzonitrile 
is (d) 
C,H.NH, eet C,H,N,CE —°®® > C.H.CN 
(A) (B) 
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An organic compound [C.H,N] [A] when treated with nitrous acid gave an alcohol and N, gas was 
evolved. [A] on warming with CHCI, and caustic potash gave [B] which on reduction gave 


isopropyImethylamine. Predict the structure of [A] : 


CH; 
a. Эң - NH, b. CH,CH,- NH - CH, 
CH; 
C. CH, - N ~ CH, d. CH,CH,CH, - MH, 
CH, 
CH; 
is (a) Эң — NH, 
CH; 
CH; " CH; 
YH- NH —À— H — OH +N, 
CHY | (A) CH; 
CHCI, + KOH 
Ch; reduction CH; 
YH- wo ems YH-N-CH, 
CH// (B) CH; | 


Isopropylmethy! amine 
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Q6. Predictthe product 
CH,CONH, 
X ) Br/NaOH 
COOCH, ii) Heat 
b 0 
NH 
0 0 
| 
0 


а (СГ ces (У n 
C BUAROH Heat H,O 
COOCH, гон 


É 
0 0 
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Practice Questions 


1. Carbylamine test is performed in alc. KOH by heating a mixture of 


a Chloroform and silver powder 

D. Trihalogenated methane and a primary amine 
A An alkyl halide and a primary amine 

d. An alkyl cyanide and a primary amine 


2. Which ofthe following will not undergo diazotization? 
a. C.H.NH, D. C.H,CH,NH, 
С, CH,C,H,NH, d. NO.C,H,NH, 


3. . Benzamide can be converted to benzyl amine using 
a. Br,/KOH b. PCI, 
б. LiAIH, d. HN, 
4. Thecompound which on reaction with aqueous nitrous acid at low temperature produces an oily 
nitrosamine is 
а. methylamine D. ethylamine 


б. diethylamine d. triethylamine 


5. . CH,NH, + CHCI, + KOH — Nitrogen containing compound + KCI + H,O. Nitrogen containing 


compound is 
д. CH,CN b. CH,NHCH, 
С. CH,-N=C d. CH,-N=C 


6.  Acetamide is treated separately with the following reagents. Which of these would give 
methylamine? 


a. PCI, D. oodalime 
D. NaOH + Br, d. Hot conc. H,S0, 
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ra In the chemical reactions, 


NaNO, A HBF, 


CH.NH, ——2 > A— В 


HCI, 278 K 


The compounds A and B respectively are 


а 
D. 
C. 
d. 


Nitrobenzene and chlorobenzene 
Nitrobenzene and flourobenzene 
Phenol and benzene 


Benzene diazonium chloride and flouro benzene 


8. Which ofthe following amines cannot be prepared by Gabriel's synthesis 


d. 


C. 


Butylamine D. Isopropylamine 


N-phenylethylamine d. Benzyl amine 


9.  [hestrongest base among the following is 


C Sw b. {узш 


NH, 
CH,—NH, 


CH, 


10. Inthe chemical reaction 
CH,CH,NH, + CHCI, + 3KOH — [A] + [B] +3H,0 


the compound [A] and [B] are respectively 


d. 


С. 


C.H,NC and 3 KCI р. C,H,CN and 3KCI 
CH,CH,COMH, and 3KCI d. C,H,NC and K,CO, 
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11. Predict the product 


CO D NHCH, + NaNO, + HCI — Product 


CH, NHCH, 
a. (O»-^-w. b. (Oto + o< O> ion 
OH CH, 
C. СОу-н-о d. (O»-N-N-0 


12. Theproduct ofthe following reaction is :- 


(O»- NH, —CHCl/KON 


13: pd reaction 


L, EUIS HNO, 
conc. conc. HS0, > 


The structure of the major product X is 
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14. Amongst the compounds given, the one that would form a brilliant coloured dye on treatment 
with NaNO, in dil. HCI followed by addition to an alkaline solution of B—naphthol is 


N(CH,), 
a. T b. 
NH, 
C. LT d. 
H.C 


3 


CH, CH, 
15. NaNOJHCI д — X C 
Br Br 
NH, 


‘X in the above reaction is 
a ПГО р H,PO, 
С. Н.РО, d. (HPO,), 


NHCH, 


(y^^ 


16. Benzenediazonium chloride on reaction with phenol in weakly basic medium gives 
а. diphenyl ether b. p-hydroxyazobenzene 


C. chlorobenzene d. benzene 


17. Chlorobenzene can be prepared by reacting aniline with 


а hydrochloric acid 

D. cuprous chloride 

a chlorine in presence of anhyd AICI, 

d. nitrous acid followed by heating with cuprous chloride 
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18. The major product отео ото reaction is 


) KOH 
oO oo 
(ii) C CI 


0 


0 
d 
N ET 
Se - c per D. CX < pohe 
N N 


N 
ң—(Су-в TET 


19. The final product inthe following reaction sequence is 


т NaNO,/HCI KCN LiAIH, 
p-chloroaniline — o- t >? =>? ———— ? 


а. p-chlorobenzamide D. p-chlorophenol 

C. p-chlorobenzylamine d. p-chlorobenzylalcohol 
Answers 

1. b 2 b 3 С 4. C 

5. d 6 С 7 d 8 С 

9 d 10. a 11. d 12. b 

13. D 14. C 15. a 16. D 

17. d 18. а 19. D 
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Biomolecules 
Learning Outcomes 


The module will give students the fundamental knowledge about biomolecules including an 
understanding :- 


— їо recognize the structures of different classes of carbohydrates, bonding between them, their 
properties and biological importance. 

— {о recognize the structure of 20 different amino acids, peptide linkage, polypeptide i.e. protein, 
classification of proteins based upon their function, structure and significance. 

—  ofenzymesas biological catalysts, their structural features, characteristics and biological role. 


— їо Identify simple units present in nucleic acids, structure of a polynucleotide, comparison of 
DNA and RNA, their functions. 


—  ofvitamins, their types and functions. 


The present module will prepare students for more advanced studies in biochemistry and molecular 
biology. 


Biomolecules 


Living beings contain a wide variety of organic macromolecules such as carbohydrates, proteins, 
enzymes, lipids and nucleic acids. These organic molecules which interact with each other and 
constitute the molecular logic of life processes, are known as biomolecules. 


1. Carbohydrates : Chemically, carbohydrates are defined as optically active polyhydroxy aldehyde 
or ketone or the compounds which produce such units on hydrolysis. Carbohydrates form a 
very large group of naturally occurring organic compounds eg. cane sugar, starch, glucose etc. 
These are also known as saccharides; some of them are sweet to taste and hence are also called 
Sugars. 


Importance of Carbohydrates: 


— Essential for life in both animals and plants. 
— They are stored in plants as starch and in animals as glycogen. 


— Gell wall of plants and bacteria, cotton fibre, furniture and many other wood items are made up of 
cellulose. 


— Most carbohydrates (of food) are converted into glucose to release energy. Glycolysis is the 
metabolic pathway through which glucose is broken down to pyruvate to provide energy. Under 
aerobic conditions (in presence of 0,) glucose is completely broken down to CO, & H,O and 
releases lots of energy in the form of ATP, called cellular respiration. In absence of oxygen, 
glucose may form alcohol and CO,, called alcoholic fermentation or Lactic acid and CO,, called 
lactic acid fermentation with release of lesser amount of energy. 
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1.1 Mono Saccharides : Simplest type that can not be hydrolysed. Water soluble and crystalline. 


Different types of monosaccharides 


No. | atoms Terms (Aldose) (Ketose) 

1 [з [тш reovee | канн Diss] 

a [4 [taco | Asante) | cenos evro _ 
= | 


3 Aldopentose (Arabinose Ketopentose (Ribulose 
406 Hose Aldohexose (Glucose) Ketohexose (Fructose) 
Aldoheptose Ketoheptose 


1.1.2 Glucose (Dextrose or grape sugar) : It is an aldose sugar, occurs in nature in free as well as in 
combined forms. Itis prepared by acid hydrolysis of sucrose and starch : 





a С.н, + HO P, CH,,0, + C,H.O, 


sucrose ^ glucose fructose 
H* 
b. (06H,0), + nHO — ——— — > nGH,0, 
starch 393K,2-3atm glucose 


Naturally occuring glucose is dextrorotatory and it belongs to ‘D’ family 
Structure of glucose : Two types 
1 Open chain and 


2 Cyclic 
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Observations in favour of open chain structure: 


— 15 molecular formula is C,H,,0, ; proved by elemental analysis & molecular weight 


determinations. 


(i) НА 
Red P 


(a) NH,OH 





CHO 

| 

(CHOH), 

| (iii) Br, — H,O 

CH,OH | E 
Glucose mild oxidising agent 
(СН „0,) 


(iv) 5(CH,C0),0 
(Acetic anhydride) 
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CH,-CH,-CH,-CH,-CH,-CH, — Presence of six 
(n-hexane) carbon chain 
- NOH 
(CHOH), 
CH,OH 
(mono oxime of glucose) 
„СМ 


Nob 


(CHOH), 


CH,OH 
(cyanohydrin of glucose) 


COOH 






Presence of 
carbonyl (2С = 0) 
group 


(CHOH) Presence of carbonyl 
| =? group as aldehydic (-CHO) 
CH,OH group 
(gluconic acid) 
CHO O 
(CH-0-C-CH.), Presence of 
| 2 five hydroxyl (-OH) 
CH, OF GH; groups 
0 
(glucose penta acetate) 
P 
CHOH Presence of primary 
| | | 7 alcoholic (-CH,OH) 
COOH group 


(saccharic acid) 
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The exact spatial arrangement of 5-0H groups in glucose was given by Fischer, after studing many 
other properties of it. The projection formula of glucose: 


'CHO 
H 2|... 0H 
HO H 
H a| 0H 
H 5| OH 

6CH,OH 


D—(+)—glucose 


According to this structure, glucose has 4 chiral carbons (2, 3, 4, 5). Therefore, having 2° = 16 stereo 
isomers. Glucose is correctly named as D(+)—glucose. ‘D’ refers to the configuration whereas ‘(+)’ 
represents dextrorotatory nature of the molecule. 


The D and L designations of sugars is based upon the configuration of D and L glyceraldehydes. D 
refers to an arrangement about a chiral carbon that is identical to the 3D arrangement of atoms in 
D(4)-glyceraldehyde, in which — OH group is present on right of the chiral centre in its fischer 
projection. Similarly, L-refers to the arrangement around a chiral carbon, identical to the L(—)- 
glyceraldehyde. For assigning the configuration, the lowest asymmetric carbon (or carbon farthest to 
the carbonyl group) in the fischer projection ofthe compound / sugar, is compared. 


CHO 





Lowest 
chiral 
carbon 
CH,OH CH,OH 
D-Glyceraldehyde D—-Glucose 
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CHO 





CHO 
Lm ек. : | Lowest 
СНОН CH,OH chiral 
| -Glyceraldehyde | -Glucose carbon 


Objections against open chain structure : 


a) Although glucose has an aldehydic group, it does not form sodium bisulphite adduct with 
NaHSO, and hydrazone with 2, 4—dinitrophenyl hydrazine. It does not give reaction with Schiff's 
reagent. 


b) Its penta acetate does not react with hydroxylamine. 


с) Тһе existence of glucose in œ and B— anomeric forms can not be explained by open chain 
structure. 


Mutarotation : The specific rotation of a freshly prepared o—D-glucose gradually decreases from 
1112" to + 52.5” while that of B-D-glucose increases from +19.2 to +52.5° with time. This 
phenomenon is known as mutarotation. All reducing sugars, monosaccharides and disaccharides 
undergo mutarotation in aqueous solution. To understand this phenomenon we need to know the 
cyclic structure of glucose. 


Cyclic structure of glucose : The limitations shown by the open chain structure were overcome by the 
cyclic structure. It was proposed that -OH group at С—5 can add to -CHO group to give a cyclic 
hemiacetal. This explains the absence of -CHO group and existence of glucose in œ and B- anomeric 








forms 0 
1 // 1 
| zx » C HO — C—H 
~ H ' ОН 
= i HO А Н О 
Н ОН 
5 
H 
6 С—5 6 
CH. OH CH,OH CH,OH 
o-D-(4)-glucose open chain D-D-(4)-glucose 
» 12°) (+52.5°) (+19.2°) 
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This six membered cyclic structure is known as pyranose (œ or B), due to its analogy with the structure 
of pyran; C3 


The two cyclic hemiacetal forms of glucose (o & B) are called anomers, as these differ only in the 
configuration of -OH group at C—1 (anomeric carbon). In the aqueous solution, these two forms are in 
equilibrium through the open chain form i.e. 

o-D-glucose <=  openchainfom «~> g-D-glucose 

(36%) (<0.5%) (64%) 
Due to presence of open chain form, glucose has a free -CHO group and hence forms an oxime 
(reaction of -CHO group). 


Cyclic structure of glucose is represented by Haworth projection : 


6 CH,OH 





H OH 
œ—D-(+) glucopyranose B-D-(+) glucopyranose 
(Haworth projection) (Haworth projection) 


1.1.3 Fructose and its structure : |t is a ketohexose and is obtained by hydrolysis of sucrose. Its 
molecular formula is found to be C,H,,0,. Its open chain structure is established as : 


dan 
C=0 
HO H 
H OH 
H OH 
CH,OH 


D-(-)-Fructose 
Naturally occurring fructose is levorotatory and belongs to D-family. Fructose also exits in two cyclic 


forms like glucose via five membered furanose ring with an analogy to furan ring ; 9 | 
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HOH,C — C— ОН 1 ri OH HO —C —CH,0H 
H OH HO H OH 
H 4 H 
CH,OH Nu» CH,OH 
6 CH,OH 
o—-D-(-)-fructofuranose (open chain form) pD-D-(-)-fructofuranose 
Haworth projection Haworth projection 
CJ 
furan 





1.2 Disaccharides : These are composed of two similar or different units of monosaccharides, 
joined together by an oxide linkage known as glycosidic linkage. Upon hydrolysis these form 
respective monosaccharide units. 


+ 


eg. Sucrose: —— D-(+)-glucose + D-(-)-fructose 


eCH,OH 





(aD glucose) glycosidic linkage | (B-D-fructose) 


It is nonreducing sugar because the reducing groups on anomeric carbons (C-1 of glucose & 
C—2 of fructose) are involved in glycosidic linkage. 
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Invert sugar : The hydrolysis product of dextrorotatory sucrose is known as invert sugar. It is 
equimolar mixture of D-(4)-glucose & D-(-)-fructose. Because dextro rotation of glucose (452.4^) is 
less than laevorotation of fructose (-92.5°) therefore, sign of rotation changes during hydrolysis from 
dextro (+) to laevo (—). 


+ 


Н 
Maltose ug o—D-glucose + o-D-glucose 
2 


6 
CH,OH 


anomeric carbon 
is free, therefore 
it is reducing 





(o—D-glucose)  (1,4-o glucosidic (o-D-glucose) 
linkage) 


Maltose is reducing sugar because reducing part or anomeric carbon (C—1) of one glucose unit is not 
involved is glycosidic linkage and free to give reduction reactions. 


Lactose ———› p-(D)-galactose + B-(D)-glucose 
(milksugar) — ? 


anomeric carbon 
is free, therefore 
it is reducing 





(8—D-galactose) B—-glycosidic (B-D-glucose) 
linkage (1, 4) 


Lactose is a reducing sugar because the anomeric carbon of the glucose unit (C71) is free and not 
involved in glycosidic linkage. 


395 


UDOON 


B | 0 M 0 LEC U LES A program to give wings to girl students 


1.3 


Polysaccharides : These are long chain polymer of monosaccharides joined together by 
glycosidic linkages. Polysaccharides on hydrolysis give hundreds to thousands of molecules of 
monosaccharides. 


1.3.1 Cellulose: It is a linear condensation polymer of B-D-glucose and is the chief structural material 


of all plants. It is also the chief component of cotton, wood, jute, etc. Cellulose is not digestible 
since human digestive system does not contain the enzyme cellulase which can hydrolyse 
cellulose into mE 


"uc : uk Е nM J^ H ОН 
- 
NI 
О 
Е hn i" » "hie OH 
"TUN а cellulose | 4— EUM linkage) 


1.3.2 Starch : It is the chief storage polysaccharide of plants. It is actually a mixture of two 
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components, i.e., water soluble amylose (15-20%) and water insoluble amylopection 
(80-85%). Amylose is a linear polymer in which C, of one glucose unit is connected to C, of the 
other through o-glycosidic linkage. Amylopectin is a highly branched chain polymer. It consists 
of a large number of short chains, each containing 20-25 glucose units which are joined 
together through o-glycosidic linkages involving C, of one glucose unit with C, of the other. The 
C, of terminal glucose unit in each chain is further linked to C, of some other glucose unit in the 
next chain through C,-C, o--glycosidic linkage. 


CH,OH 6CH,OH 
OH Нион H О, H 


Amylose 0 QH н +07 ОН и шо) 

H HT H OH H OH n 

1, 4-a linkage repeating unit 
CH,OH CH,OH 
OH H O H 
ee 0 HAI 1 

OH ОМОН fy > C.-C, o--glycosidic linkage 

H OH H 
Amylopectin САОН 6CH, 


H OH Нит OH Н O, H 
_0 Н Н 
OH H 0-4 OH H ен а "-— 
H OH | H OH H OH 
1, 4-o linkage 
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1.3.3 Glycogen : It is also known as animal starch, having structural similarity to amylopectin. It is 


2) 


present in liver, muscles and brain. When body needs energy, glycogen breaks down to give 
glucose. 


Proteins : Proteins are high molecular mass complex biopolymer of o—-aminoacids, present in all 
living cells. These are also known as polypeptides. 


2.1) AminoAcids: These are the organic compounds containing -NH, and -COOH functional groups. 


Hydrolysis of protein gives only o—-aminoacids (-NH, group is present on oc-carbon) therefore, 
they are also called building blocks of proteins. w—amino acids can exist іп two stereoisomeric 
forms D & L, but all the naturally occuring o—-amino acids belong to L-series. (glycine is 
optically inactive) 

Zwitter ion structure of aminoacids : In aquous solution aminoacid can exist as a dipolar ion, 
known as zwitter ion due to transfer of H' from -COOH group to -NH, group within the molecule. 
Zwitter ions are dipolar, amphoteric and have no net charge 


H H 
| + | 
H.N - CH - COOH == HN СН - COO” 
Ol . . 
| | Zwitter ion 
oc-amino acid 


Isoelectric point : In acidic medium, -COO group acts as the base and accepts a proton. As a 
result, o-amino acids exist as cation (1) in the acidic medium and migrate towards cathode 
underthe influence of an electric field. 


R 

+] OH + | . 0H | - 

HN - CH - COOH === HN-CH-C00 ===> HN - CH - C00 
o 


(1) Zwitterion (1I) (MI) 


In alkaline medium, NH, group acts as the acid and thus loses a proton. As a result, o—amino 
acids exist as anion (111) and thus migrate towards the anode under the influence of an electric 
field. At some intermediate value of pH, the concentration of the cationic form (1) and anionic 
form (11) becomes equal and hence there is no net migration of the o—-amino acid under the 
influence of an electric field. This pH is called the Isoelectric point. At this pH, the amino acid 
exists as dipolar ion or zwitterion (Il) and hence has the minimum solubility. 


Essential and non-essential amino acids : Out of 20 amino acids required for protein synthesis, 
human body can synthesize only 10. These ten amino acids which the body can synthesize are 
called non-essential or dispensable amino acids. The remaining ten amino acids (valine, leucine, 
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isoleucine, phenylalanine, methionine, tryptophan, threonine, lysine, arginine and histidine) 
which the body cannot synthesize are called essential or indispensable amino acids. These must 
be supplied in the human diet. 


COOH 
Natural Amino Acids HN H 


Three letter | One letter І | Isoelectric Point 


Neutral amino acids 
"E -H 
Alanine -CH, 
Valine* -CH(CH,), 
Leucine* —CH,CH(CH,), 
—CH-CH-CH, 
Isoleucine* | "m 


Phenylalanine* CH,C,H, or CH,Ph** 
Methionine* М —CH,CH,-S-CH, 


Tryptophan* N 
H 


Serine —CH,OH 

Cysteine —CH,SH 

Glutamine -CH,CH,CONH, 
—CHCH, 


Threonine* ae 


Tyrosine CH, [O> ш 

Е E 
H 

(It is the complete structure) 


BE —CH,CONH, 
Acidic amino 


x s acid —CH,COOH 3.0 
17. Glutamic acid —CH,CH,COOH 9.2 
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* Essential amino acids 


2.2 Classification of Proteins: 


1. onthe basis of molecular structure proteins are classified as fibrous and globular proteins :- 


a) Fibrous proteins : These consist of linear thread-like molecules which tend to lie side by 
side to form fibres. The polypeptide chains in them are held together usually at many 
points by H-bonds. Examples are : Keratin in skin, hair, nails, wool, collagen in tendons, 
fibroin in silk and myosin in muscles. These are insoluble in water. They are stable to 
moderate changes in temperature and pH. 


b) Globular proteins : The polypeptide chain in these proteins is folded around itself in such a 
Way so as to give the entire protein molecule a spheroidal shape. This folding occurs due 
to the following four types of forces : (1) disulphide bridging (ii) intramolecular H-bonding 
(iii) van der waals interactions and (iv) dipolar interactions. Unlike fibrous proteins, 
globular proteins are insoluble in water and are sensitive to small changes in temperature 
and pH. Examples are enzymes, hormones (insulin, thyroglobulin), antibodies, 
haemoglobin, fibrinogen, albumin, etc. 


2. Classification of proteins on the basis of their biological functions :- 


| Type | Function —— | Function | Example 

otructural proteins Give biological structure, Keratin (Hair, Nails etc.) 
strength & protection collagen (cartilage) 

Nutrient and storage These are required for the | gluten (wheat) albumin (egg) 

proteins growth casein (milk) 


Transport proteins Transport of nutrients, O,, | Haemoglobin, Lipoprotein 
glucose etc. 


d) Emyms ^ — Acts as | Айваз biological catalyst - catalyst Trypsin, pepsin etc. ——— Trypsin, pepsin etc. ——— etc. 
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e) | Regulatory proteins Regulate cellular or Hormones like insulin 
physiological activity 





f) Defence proteins Defends organisms Antibodies 
against foreign species 


2.3 Structure of Proteins: 


Peptide linkage : Proteins are polymers of o—-aminoacids joined together by peptide linkage / 
О 


bond. It is ап amide bond (—С—\МН—) formed between – COOH group of one amino acid and —NH, 
group of the other aminoacid. The product of the reaction between two similar or different 
aminoacid is a dipeptide. When three amino acids link together by two peptide bond they form 
tripeptide and as the number of amino acid increases we get tetra, penta or hexapeptides. 


О Н |—^ peptide linkage 


| | 
а н sup M C-N pum 





NH, NH, NH, CH, 
glycine alanine glycylalanine (Gly—Ala) 
(Dipeptide) 


Polypeptide : Proteins are polypeptides as they are formed by linking together a large number of 
o-aminoacid (more than 10) through peptide bond. 


Structure and shape of proteins can be studied at four different levels : 


a) Primary structure : The sequence in which the various aminoacids are linked to one 
another in a protein is called its primary structure. 


b) Secondary structure: It refers to the shape in which along polypeptide chain can exist due 
to H-bonding. 


These are of two types: 


i) | o-Helix: If the size of the side groups (alkyl) is large, intramolecular H-bonds are 
formed between C = 0 of one molecule and NH of the fourth amino acid in the 
polypeptide chain giving right handed oc-helix structure to the protein molecule. 
Examples are : o——keratin in hair, nail, wool skin, and myosin in muscles. 


li) B-Flat sheet or D-pleated sheet structure : If the size of the side groups (alkyl) is 
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2.4 


2.5 


Small, intermolecular H-bonds are formed between C = О of one polypeptide chain 
with NH of the other chain giving a B-flat sheet structure to the protein molecule. If 
the size of groups R is moderate, the polypeptide chains contract a little giving 
B—pleated sheet structure to protein molecule, i.e., silk protein fibroin. 


C) Tertiary structure of a protein refers to its complete three dimensional structure. 


d) Quaternary structure : Certain proteins exist as assemblies of two or more polypeptide 
chains called subunits. Quaternary structure refers to the number of subunits and their 
spatial arrangement w.r.t. each other in an aggregate protein molecule. 


Denaturation of proteins : On heating or on treatment with mineral acids (change in temperature 
& pH) the water soluble globular proteins undergo coagulation or precipitation with loss of 
biological activity to give water insoluble fibrous proteins. This process is called denaturation 
and the coagulated proteins thus formed is called the denaturated protein. During denaturation 
the secondary and tertiary structure of the proteins change while primary structure remains 
intact. Examples of denaturation are (a) coagulation of albumins present in the white of an egg 
when the egg is boiled hard (b) formation of cheese from milk on adding lemon juice when the 
globular milk protein lactalbumin becomes fibrous (c) curding of milk, which is caused by the 
change in pH, dueto formation of lactic acid by lactic acid bacteria present in milk. 


Due to the change in pH and temperature, the hydrogen bonds and other vander walls forces of 
attraction within protein molecules are disturbed and broken, thereby causing the uncoiling of 
polypeptide chains and destroying its secondary and tertiary structure and affecting its 
biological activity. 

Characterization of Proteins: 


а)  Biurettest: Protein when reacts with biuret reagent (CuSO, + NaOH), a blue-violet colour 
is obtained. 


b) Міпһуагіп test : Protein when treated with an ammonical solution of ninhydrin gives 
colours ranging from deep blueto violet pink or even yellow and red in some cases. 


Enzymes : Enzymes are biological catalysts. They are primarily globular proteins and catalyse 
vital metabolic processes. Simple enzymes are comprised of Proteins only eg. amylase while 
conjugated enzymes are comprised of both protein and nonprotein part 


Holoenzyme = Apoenzyme + prosthetic group / co-factor 


(Conjugated enzyme) (Protein part) (Non protein part) 
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3.1 Characteristics of Enzymes: 


a. Enzymes, being proteneous in nature, exhibit properties of proteins. Like proteins, they 
are also sensitive towards change in temperature & pH. 


b.  Theyspeeduprate of chemical reactions by lowering the activation energy. 


c. Enzymes are highly specific both in binding chiral substrate and in catalysing their 
reactions. 


d. They don't get destroyed or get consumed during the reaction. They are regenerated at the 
end of reaction. 


e. . Metabolic reactions are reversible and hence the enzymes catalyse reaction in both the 
directions. 


f. Enzyme inhibitors are the substances that reduce activity of an enzyme. 


3.2 Somereactions catalysed by enzymes: 


LIC NNNM.  _ 
Triglycerides —— Fatty acids + glycerol 
sucrose ——> glucose + fructose 


4. Maltose ——> glucose + glucose 
J; Lactose ——> glucose + galactose 
Pepsin & Trypsin Proteins ——> a—amino acids 


о-ату!аѕе (salivary enzyme) Starch ——> glucose + maltose — glucose 


4. Vitamins: vitamins are required in very small amounts for the life, growth and health of human 
beings and animals. They can not be synthegized in the body (except vitamin D) and hence have 
to be supplied in the diet. 





4.1 Classification of Vitamins: 


a) Water soluble vitamins: 
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They must be supplied regularly in diet because they are regularly excreted in urine and 
cannot be stored (expect vitamin B,,) in our body. Eg. Vitamin B-complex and vitamin C. 


b)  Fatsolublevitamins: 
They are stored in liver and adipose tissue. Eg. Vitamin A, D, E, K. 


Hypervitaminoses — Excess intake of vitamin A and D is harmful and may cause 
hypervitaminoses 


Avitaminoses — Multiple deficiencies caused by lack of more than one vitamins. 


Name of Vitamin Deficiency disease 

A (Retinol) night blindness (xerophthalmia) 
B, (Thiamine) Beri Beri 

B, (Riboflavin) Retards growth 

B, (Pyridoxine) Convulsions, anaemia, insomnia 
В. (cyanocobalamine) Pernicious anaemia 

C (Ascorbic acid) Scurvy 

H (Biotin) Dermatitis, hairloss 

D (Calciferol) Rickets 

E (Tocopherol) oterility, muscular weakness 

K (Phylloquinone) Haemorrhage, lengthens the time of blood clothing 


some vitamins like C, D, E acts as antioxidants. Vitamin B,, contains cobalt and it can be 
Stored іп liver for many months. 


5. Nucleic Acids : Nucleic acids are biomolecules which are found in the nuclei of all living cells in 
the form of nucleoproteins. They are biopolymers in which the repeating structural unit of 
monomeric unit is a nucleotide. That is why nucleic acids are also called polynucleotides. 


Each nucleotide consists of three components : 


a) А pentose sugar, i.e., D-(-)-ribose or 2’-deoxy—D-(—)-ribose.Both these sugars are 
found іп the furanose form. Ribose is presentin RNA and Deoxyribose is present in DNA. 
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OH H OH OH 
2’ — Deoxyribose Ribose 


b)  Aheterocyclic base - Two types 

i) X Purines: Adenine (A) and Guanine (О); 

li) Ругітідіпеѕ: Uracil (U), Thymine (T) and Cytosine (C) 
с) Phosphoric acid 
Structures of Bases: 


Purine bases: 


6 | NH, 0 
ә М М 
ү Z Z 
oc > OOS TY 
2 
Sw 4 N S N 
3 |9 N | H,N N ! 
Puri | d п 
id Adenine Guanine 
Pyrimidine bases: 
NH, 0 0 
6 | | a | 
O ^j HN | ' HN | 
T di 0 N 0 N 0 N 
3 | | | 
H H H 
Pyramidine Cytocine Thymine Uracil 


404 


UDOON 


A program to give wings to girl students STUDY MATERIAL FOR CHEMISTRY = XII 


Nucleosides contain only two components : a pentose sugar and a nitrogenous base i.e., purine 
or pyrimidine. Their general structure is : Sugar—Base. 


Nucleotides Contain all the three components : a pentose sugar, a nitrogenous base and a 
phosphoric acid group. 


General Structure of a Nucleotide 





PM. мурч T 
2' — Deoxyribose 

Difference between DNA and RNA 
Deoxyribonucleic acid (DNA) Ribonucleic acid (RNA) 

a) The sugar present in DNA is 2-deoxy a) The sugar present in RNA is 
D-(-)-ribose. D-(-)-ribose. 

b) ОМА contains cytosine and thymine as b) АМА contains cytosine and uracil as 
pyrimidine bases and adenine and pyrimidine bases and guanine and 
guanine as purine bases. adenine as purine bases. 

c) DNA has double stranded o-helix c) АМА has single stranded o-helix 
structure structure 

d) ОМА chiefly occurs in the nucleus of d) АМА mainly occurs in the cytoplasm 
the cell. of the cell. 

e) РМА has the unique property of e) RNA usually does not replicate. 
replication. 

f) DNA controls the transmission of f) RNA controls the synthesis of 
hereditary effects. proteins. It has three types — 


messenger-RNA (m-RNA) 
transfer-RNA (t-RNA) 
Ribosomal-RNA (r-RNA) 
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5.1 Structure of DNA 
C end of chain 
|| ә. 
-0-Р-0-н,0 
0- 


5.3 
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Н 
e ү. ЖШШЕ 3 —5'-Phosphodiester bond 


0-Р=0 
] 
5’ CH, 
Nucleoside 
(sugar - base) 4’ 
H 
OH H 
3 end of chain 
Nucleotide (a Dinucleotide) 


(Sugar - base - phosphoric acid) 
Primary structure 


sequence in which the four nitrogen bases are attached to the sugar phosphate backbone 
ofa nucleotide chain. 


Secondary structure 


DNA consists of two strands of polnucleotides coiled around each other in form of a 
double helix. 


Chargaff rule – Base composition in DNA varied from one species to other but amount of 
adenine is equal to thymine (А = T) and cytosine is equal to guanine (C = б). Total amount 
of purines is equal to pyrimidines (A + G = C + T) ; AT / CG ratio is different for different 
species. 


Watson and Crick Model of DNA: 


DNA consists of two right handed polynucleotide strands. The sugar phosphate units and base 
units of each strand are pointed into the interior of the helix. A purine base is always paired with a 
pyrimidine base. 
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C and G pair through 3 hydrogen bonds. 


Aand T pair through 2 hydrogen bonds. 


The two strands of DNA are complementary and are not idential since the base sequence of one 
Strand automatically fixes that of the other due to the base pairing principle. Distance between 
two adjacent base pairs is 0.34 nm. Diameter of the helix is 2 nm. Distance between any two 
successive turns of the helixis 3.4 nm suggesting that there are ten base pairs in each turn. 


Functions of Nucleic acids 


a) 


Replication : The genetic information of the cell is contained in the sequence of the bases 
A, T, Gand C inthe DNA molecule. When a cell divides, DNA molecules replicate and make 
exact copies of themselves so that each daughter cell will have DNA identical to that of the 
parent cell. 


Protein synthesis : Occurs in two steps, i.e., Transcription and Translation. 


Gene : Each segment of a DNA molecule that codes for a specific protein or a polypeptide 
is called a gene. 


Genetic code : The relation between the nucleotide triplets and the amino acids is called 
the genetic code. 


Mutations : A mutation is a chemical change in the sequence of nitrogenous bases along 
the DNA strands that can lead to the synthesis of proteins with altered amino acid 
sequence. These changes are caused by radiation, chemical agents or viruses. 
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Solved Problems: 
Q1. D-glucose reacts with hydroxylamine to form oxime but pentacectate of glucose does not give 


reactions of -CHO group why? 


Ans. This is because cyclic (hemiacetal) structure of D-glucose forms an open chain structure in 


aqueous medium, which then reacts with NH,OH to give an oxime (reaction of -CHO group) 
while, pentaacetate of glucose can not form an open chain structure because anomeric carbon is 
involved in acetylation. 





CH -0 ОН = 0 CHO COCH, 
H OH H OH о Н 
HO н | = но H | EL ш»; 
OH H OH H 
H OH H H 
CH,OH CH,OH CH,-0 COCH, 
D-glucose o—D-glucose o—D-glucose pentaacetate 
(open chain) + B-D-glucose + 
“H.0) NH,OH p-D-glucose pentaacetate 
CH - NOH | NH,OH 
(CH OH), No oxime 
CH,OH 


D-glucose oxime 


Q2. Glucose is water soluble but cyclo hexane is insoluble in water. Why? 

Ans. Glucose and other sugars are polyhydroxy compounds. Therefore, they сап form H-bond with 
water molecules and become soluble. On the other hand, cyclohexane doesnot have -OH group, 
making it insoluble in water. 

Q3. Explain higher melting points and higher solubility of amino acids in water than that of the 


corresponding halo acids. 


Ans. Amino acids have two functional groups -NH, and -COOH. Hence they exist as dipolar ion / 
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between them as compared to correspnding halo acids. Therefore, they are having higher 
melting points & higher solubilities in ionic solvent like water than holoacids. 


Qa QY 
UDAAN 
A program to give wings to giri students STUDY MATERIAL FOR CHEMISTRY - XII 


Q4. Although, fructose is a ketonic sugar yet it reduces tollen's and fehling's reagent. Why? 


Ans. Under the alkaline medium of tollen's reagent and fehlings solution, a part of fructose 15 
transformed into glucose and mannose, both having-CHO groups; thereby giving positive tests. 
This reaction is known as Lobry de bruyan-van Ekenstein reaction. 


OHH,C 
2 HOHC. OH H O0 н O0 
| SN м \ 
E=0 Ы p^ p^ 
HO H | HO H | Н ОН HO H 
H он SES н он SES но н + HO H 
OH H OH H OH H OH 
CH,OH CH,OH i on 2 Bn 
CH,OH CH,OH 
D-fructose (enediol) D-glucose D-mannose 
(Ketose) (Aldose) (Aldose) 


Q5. Human beings can not digest cellulose while cattle and other ruminants can digest cellulose. 
Why? 


Ans. The cattle and other ruminants have cellulose enzyme which hydrolyses cellulose into glucose 
while human beings, due to lack of cellulose enzyme can't digest cellulose. 


Q6. Whyisinvert sugar sweeter than sucrose? 


Ans. Invert sugar is equimolar mixture of glucose & fructose. Due to presence of fructose, it is 
Sweeter than sucrose. 


07. Givesome examples of non sugar compounds, sweeter than sucrose. 
Ans. Saccharin, monellin, aspartame are sweeter than sucrose. 


Q8. Write chair conformations of œ and B (D) glucopyranose. 


Ans. 
H —  ]j CH,OH and OH H CH,OH and OH 
groups on groups anti to 
HO d same side HO d Н each other 
H H 
HO HO H HO HO 
H H 


p-(D)-glucopyranose oc-(D)-glucopyranose 
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Practice Problems: 
Q1. Thehuman body does not produce: 
д. Enzyme D. DNA 
D. Vitamins d. Hormones 
Q2. During the process of digestion, the proteins present in food are hydrolysed to aminoacids. The 
two enzymes involved in the process are : 
д. Invertase and zymase D. Amylase & maltase 


б. Diastase and lipase d. Pepsin & trypsin 


Q3. Fibrous protein such as silk fibroin consists of chain arranged in 
a. oc-helix D. B—helix 


б. B—pleated sheet d. none of these 


Q4. In DNA, the complementary bases are :- 


a. Uracil, Adenine; Cytocine, guanine 
D. Adenine, thymine; guanine, cytosine 
С. Adenine, thymine; guanine, uracil 


Adenine, guanine; thymine, cytosine 


Q5. Thesegment of DNA which acts as the instrumental manual for the synthesis of the protein is : 
a. Nucleoside D. Nucleotide 


С. Ribose d. Gene 


Q6. Haemoglobin is a protein with 
a. Primary structure b. oecondary structure 


С. Tertiary structure d. Quarternary structure 


Q7. Which one of the following does not exhibit the phenomenon of mutarotation? 
a. (-) Fructose р. (+) Sucrose 


C. (+) Lactose d. (+) Maltose 
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Q8. 


Q9. 


010. 


011. 


012. 


Q13. 


Which ofthe following is nota fat soluble vitamin? 
а. Vitamin А D. Vitamin B-complex 
E: Vitamin D d. Vitamin E 


Which of the following statements about denaturation are correct? 


a. Denaturation causes loss of secondary and tertiary structures of the protein. 
D. Denaturation leads to conversion of double strand of DNA into single strand. 
б. Denaturation affects primary structure which gets distorted. 

a. A, Band C b. Aand C 

б BandC d. AandB 


The pyrimidine bases presentin DNA are 
a. Cytosine and adenine D. Cytosine and guanine 


p Cytosine and thymine d. Cytosine and uracil 


The secondary structure of protein refers to 


а sequence of amino acids 

D. Fixed configuration of the polypeptide back bone. 
E: Helical back-bone 

d. Hydrophobic interactions 


aD (+) - glucose and B—D-(+)—glucose are 
а. Ерітегѕ D. Anomers 


C. Enantiomers d. Conformers 


Biuret test is not given by 
a. Proteins b. Carbohydrates 


C. Polypeptides d. Urea 
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Q14. The change in optical rotation of freshly prepared solution of glucose is known as: 


a. specific rotation D. Mutarotation 


С. Tautomerism d. Racemisation 


015. The complementary base sequence for the DNA strand 5'-GCAT-3', is: 
a. 5’—-GCAT-3’ р. 5’—AT GC-3’ 
С. 5’—-CGTA-3’ d. 5’—-TACG-3’ 
Hint : As per Watson & Crick model of DNA, it has two polypeptide chains running in opposite 
directions i.e. one chain 3—5 & other 5'—3' joined to gether by H-bonding between 
complementary base pairs. 

Q16. Which ofthe following is a non reducing sugar 
a. Glucose b. Sucrose 


С: Maltose d. | actose 


Q17. Number of asymmetric carbon in o—D-(*)-glucose are 
a. 4 D. 6 
б. 9 0. 3 


Q18. Presence of carbonyl group in glucose can be shown by its reaction with 
a. NH,OH b. HCN 


б. Tollen’s reagent d. All of these 


Q19. Which of the following is the monomer of cellulose 
a. Amylose р. Glycogen 
б. В-0-01исоѕе 0. Amylopectin 


Q20. Vitamin B, is chemically known as 
a. Ascorbic acid b. Carotenoids 


б. Thiamine d. Pyridoxine 
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Q21. 


Q22. 


023. 


024. 


025. 


026. 


027. 


028. 


The deficiency of vitamin К causes 
d. Haemorrhage D. Increase in blood cloting time 


p. Inflamation ofteeth and tongue а. both (a) & (b) 


Which ofthe following vitamins is oil soluble : 
a. А b. B, 
С. В,» d. С 


Which of the following, if taken excessively, can accumulate in body and cause toxicity 
a. Vitamin C b. Vitamin D 
б. Vitamin B, d. Vitamin K 


Milk contains vitamins 
a. A,D&E D. A, B,, and D 
C. C, DandK d. B, B,and D 


Which of the following base is not present in DNA 
a. Thymine D. Uracil 


С. Adenine d. Guanine 


Pyrimidine bases present in RNA are 
a. Adenine and guanine b. Thymine and Uracil 


D. Uracil and Cytosine d. Thymine and Cytosine 


Theenzyme present in human saliva is 
а. Рерѕіп D. Trypsin 


С. œ—amylase d. Zymase 


Which polysaccharide is stored in the liver of animals 
a. starch b. Cellulose 


C. Amylose d. Glycogen 


413 


sQ, О» 


UDA AN 


B | 0 M 0 LEC U LES A program to give wings to girl students 


Q29. Deficiency of which vitamin causes beri—beri and pain in joints 
а. А D. В 
С. С d. K 


Q30. Which ofthe following is an essential aminoacid : 
a. Valine b. Glycine 


C. Proline d. Tyrosine 


Q31. Thehelical structure of protein is stabilized by 
д. Dipeptide bonds b. Hydrogen bonds 
C. Ether bonds d. Peptide bonds 


Q32. Which of the following gives positive fehling test 
a. sucrose b. Glucose 


H Fat d. Protein 


Q33. Haemoglobin is 
д. avitamin D. a carborydrate 


б. an enzyme d. a globular protein 


Q34. Vitamin B,, contains 
a. Fe р. Со 
E Zn d. Ca 


Q35. D(+) glucose reacts with hydroxyl amine and yields an oxime. Structure of the oxime would be 


CH - NOH CH - NOH 
H OH HO H 
3. HO H b. HO H 
HO H H OH 
H OH H OH 
CH,OH CH,OH 


414 


UDOON 


A program to give wings to girl students STUDY MATERIAL FOR CHEMISTRY - XII 
CH = NOH CH = NOH 
HO H H OH 
C: H OH d. HO H 
HO H H OH 
H OH H OH 
CH,OH CH,OH 
Q36. Apeptide bond is 


Q37. 


Q38. 


Q39. 


Q40. 


а Covalent 

D. Planar 

С. Having partial double bond character 
d. All of the above 


Fructose reduces tollen’s reagent due to 


a Asymmetric carbons 

D. Primary alcoholic group 

p. oecondary alcoholic group 

d. Enolisation of fructose followed by conversion to addehyde by base 


The synthesis of daughter DNA from parent DNA is called : 
а. Translation D. Replication 


b Transcription d. Mutation 


RNA and DNA are chiral molecules. Their chirality is due to 
a. D-sugar component D. | -sugar component 


С. chiral bases d. chiral phosphate ester units 


In living systems the function of enzyme is to 
а. Provide energy D. Transport oxygen 


Г. Catatyse biochemical reactions а. Provide immunity 


419 


sQ, О» 


UDA AN 


B | 0 M 0 LEC U LES A program to give wings to girl students 


Q41. Thecorrect statement regarding RNA & DNA, respectively is - 


а The sugar component in RNA is 2—deoxyribose and in DNA is Arabinose 
D. The sugar component in RNA is Arabinose and is DNA in 2—deoxyribose 
б The sugar component in RNA is Ribose and is DNA in 2—deoxyribose 
d. The sugar component in RNA is 2—deoxyribose and in DNA is Ribose 


042. Which ofthe following sets of monosaccharides forms sucrose 


д. p-D-glucopyranose and o—D-fructofuranose 
D. o—D-glucopyranose and p-D-fructopyranose 
C. o—D-glucopyranose and B—D-fructofuranose 
d. œ-—D-galactopyranose and o—D-glucopyranose 


Q43. Which ofthe following has maximum laevorotation 
а. D-glucose D. D-fructose 


С. sucrose d. Invert sugar 


044. D-glucose and D-mannose are 
а. Апотегѕ D. Epimers 


б Enantiomers d. Polysaccharide 


(145. o-maltose contains: 


a. о-1, 2-glycosidic linkage D. B-1, 2-glycosidic linkage 
б oc-1, 4-glycosidic linkage d. B-1, 4-glycosidic linkage 
Q46. Which of the following hexoses will form the same osazone when treated with excess phenyl 
hydrazine 
д. D-glucose & D-fructose D. D-glucose and D-galactose 
С D-glucose & D-lactose d. D-fructose & D-galactose 
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Q47. Which ofthe following have D-configuration 


CHO pen 
CHO H OH C=0 
HO T HO H 
Н ОН H OH H OH 
H OH H OH 
CH,OH CH,OH CH,OH 
(+) (+) (7) 
(1) (2) (3) 
а. 1,2,3 b. 2.3 
D. 1,2 d. 3 
Q48. Lysine is least soluble in the pH range : 
д. 3-4 b. 5—6 
б. 6-7 d. 0-9 
049. Which ofthe following statements is correct 
d All amino acids are optically active. 
D. All amino acids except glycine are optically active. 
C. All amino acids except lysine are optically active. 
d. All amino acids except glutamic acid are optically active. 


050. The amino acids in Haemoglobin (or any protein) uniformly have which of the following 


configurations :— 
a. L D. 
С. D D. 
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Answer 
І С 2 d 3. С 4 D 
Bi d 6 d 7. D 8 D 
9 d 10 б TH D 12 D 
1 D 14 D 15: C 16 D 
17 à 18 d 19. a 20 C 
21. d 22. а 23. d 24 а 
25. D 26. C 27. C 28 d 
29 D 30. à 31 D 32 D 
33. d 34. b 35. d 36 d 
37. d 38. D 39. à 40 C 
41 C 42 C 43. d 44 D 
45 C 46 à 47. а 48 0 
49 р 50 а 
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UNIT 15 


Polymers 


Learning outcomes: 
After studying the current module, students will be able to- 


1) classify polymers on the basis of their origin, structure, monomeric units and mode of 
polymerisation reaction. 


2) name polymers and identify the monomers from which the polymers are built. 
3) understand the mechanisms of chain and growth polymerisation. 


4) examine, how the structure of polymer and the type of forces present in them affect their 
physical and mechanical properties. 


9) study the senior level polymer science curriculum with sufficient knowledge of the preliminary/ 
basic aspects of polymer science. 


Polymers are macromolecules, having high molecular mass and are composed of a large number of 
repeating units called, ‘Mer’. These repeating units are derived from simple and reactive molecules 
known as ‘Monomers’. The process of formation of polymer from respective monomers is called 
‘Polymerisation’. 
e.g. nCH, = СН, 20716152101. +-CH,—CH,- 

ethene polythene 


monomer CH, = CH, 
Repeating unit/Mer = СН, — CH,- 
No. of repeating units in a polymer is ‘degree of polymerisation’ 


Classification of polymers: 
1) Based upon their origin- 


a) Natural polymers: these are found in plants and animals, e.g. proteins, cellulose, 
Starch, natural rubber. 


b) Semi-synthetic polymers: these are derived from natural polymers, e.g. cellulose 
acetate, cellulose nitrate 


c) Synthetic polymers: these are man made polymers, synthesised in laboratory. 
e.g. plastic, synthetic fibre, synthetic rubber (Buna-S) etc. 


2) Classification based upon their structure:- 


a Linear polymers: These are one dimensional polymers, having long and straight 
chains. e.g. polyethylene, Polyvinyl chloride, polyesters etc. 


b) Branched chain polymers: These are 2-D polymers, whose linear chains are 
having some branching e.g. LDPE (low density polyethylene) 
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c) 


Cross linked polymers: These are 3-D polymers, formed by bifunctional, 
trifunctional polymers containing strong covalent bonds between linear polymeric 
chains e.g. bakelite, melamine etc. 


CL ас _ i X4 


pa 
Linear Branched Crosslinked 
3) Classification based upon type of monomeric units:- 
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Homopolymers- Polymers whose repeating structural unit is derived from only 
one type of monomer units are called homopolymers. For example, polythene, 
polypropylene, PVC, polyisoprene, neoprene, polyacrylonitrile, nylon-6, teflon, 
cellulose, starch 

Copolymers- Copolymers are polymers in which the repeating structural units 


are derived from two or more monomer units - nylon-6, 6, buna-S, polyesters, 
alkyd resins, bakelite. 


On the basis of molecular forces of attraction polymers have been divided into the 
following four categories: 


a) 


b) 


Elastomers have the weakest intermolecular forces of attraction between the 
polymer chains. For example Natural rubber, vulcanized rubber, buna-S, buna-N 


Fibres are polymers in which the intermolecular forces of attraction are the strongest. 
These intermolecular forces may be either H-bonding between N-H and C = O 
groups or dipole-dipole interactions between the polar carbonyl groups in polyesters 
Or cyano groups in orlon, acrilan. 


Thermoplastics are polymers in which the strength of intermolecular forces are 
in between those of elastomers and fibres. For example, Polythene, polypropylene, 
polystyrene, PVC, teflon, polyvinyl acetate, polyacrylonitrile, polymethacrylate. 
Thermoplastic polymer can be melted on heating and can be obtained again without 
any change. 


Thermosetting polymers. Low molecular weight, semifluid substances which 
when heated in a mould undergo change in chemical composition to give a hard, 
infusible and insoluble mass are called thermosetting polymers, e.g. bakelite, 
urea-formaldehyde, melamine-formaldehyde. Thermosetting polymer can be heated 
only once when it permanently sets into a sold which cannot be remelted and reworked. 


On the basis of mechanism of polymerisation, they are of two types- (a) Addition/ 
chain growth polymerisation (b) Condensation/step growth polymerisation 
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a)  Addition/chain growth polymerisation: In this same/different monomers possessing 
double or triple bonds, add together through covalent bonds and polymerisation 
takes place due to increase in chain via free radical or ionic species as intermediates. 
Initiators are required to initiate the reaction. These are of three types (i) free radical 
(ii) cationic (il) anionic 

(i) Free radical addition polymerisation: 
e Initiator:- Peroxides, like benzoyl peroxide 


e monomer - [HC = CH, С = H/electron withdrawing/electron donating group 
| 
@ 
e Benzoquinone (о 0) inhibits free radical polymerisation 


Example:- Polymerisation of ethene to polythene 
3 step mechanism: 
- Chain initiating step: 


O О О 
|I MY I neat WI , 
CH, —C—O—O—C— CH, 188% 5 CH, C 0| —— 2 СН, + CO, 
Benzoyl peroxide Benzoyloxy free radical Phenyl free 
radical 


C.H, + CH, C — —^» CH, — CH, — CH, 


Fthene Big free radical (I) 
(Monomer) 


- Chain propogating step: 


CH, — CH, — CH, + CH, (S. — —» C,H, — CH, — CH, — CH, — CH, ——» ——> 
I 


Ethene ы 
New С.Н, каш (CH, LS СН,), m CH,— CH, 
me Bigger free radical (II) 


- Chain terminating step: 
Step 1. By combination of free radicals 


C.H, € CH, — CH, CH, — CH, + CH, — CH, ¢ CH, — CH), C,H, ——> 
П П 


C.H, — € CH, — СНД, CH,CH,CH,CH,¢ CH, — СН», CH; 
Polythene (Polymer) 
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step 2. By disproportionation of free radicals 


H 


| Disproportionation (through He transfer) 
е ——„ 


C,H, € CH, — CH, CH, — CH, + C,H, € CH, — CH, — CH, — CH, 
|l 


C.H, — € CH, — CH,}, CH,CH, + СН. CH, — CHA, CH = CH, 
Polythene (Polymer) Polythene (Polymer) 
other examples: Formation of PVC, PS, Buna-N, Buna-s etc. 
li) Cationic polymerzation: initiator = BH, — HO that provides H 
Mechanism: 
- Chain initiation step: 
и N 


-- 
Н + CH, = CH ———_> CH, — CH where Gis an electron-donating group 
| | 


С G 
- Chain propogation step: 


-- + -- 

CH, — CH + CH, = CH ——> CH, — CH — CH, — CH э-э CH, — CH-+ CH, — CH 4- CH, — CH 
| | | | | | | 
G G G G G G G 


n 


- (Chain termination step: 


uu t] OH, — OH rd | CH 


e Greater the stability of carbocation intermediate easier the polymerisation 
monomers should be 


H,C = ‘a 


G 
G = electron donating group to stabilise intermediate carbocation = CH./C.H. etc. 


e Examples: polymerisation of styrene to polystyrene 
polymerisation of propene to polypropene 
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iii) Anionic polymerization: 
e Initiator = strong base like KNH, 
e  Mechanism:- 

- Chain initiating step: 


СМ Q 
K'NH, + CH, = СН ——* H,N — CH, — CH Kt 
| | 
X X 
- Chain propogation step: 


(N A 
H,N — CH, — CH K' + CH, = CH — —* HN — CH, — CH — CH, — CH K >—>—> 
| | | | 


X X 
H,N — CH, — CH -+ CH, — CH-+ CH, — СНК" 
| | | 
X X X 


( 
HN — CH, — CH £- CH, — CH} CH, — CH —"> HN — CH, — CH- CH, — CH-} CH, — CH, 
| | | 
X X X 


X X 


- (Chain termination step: 


| | | 
X X X 


e Greater the stability of carbanion, easier the polymerisation. 

monomers should be 
CH, = CH 
G = electron withdraing group like Cl, CN, COCH, etc. 

e Examples: polymerisation of vinylchloride (G=Cl) to polyvinylchloride 
polymerisation of acrylonitrile (G = CN) to polyacrylonitrile (PAN) 
polymerisation of methyl methacrylate (G = COCH.) to 
plymethylmethacryate (PMMA) 

b) Condensation/step growth polymerisation: 


These are formed by repeated condensation reaction between two bifunctional or 
tritunctional monomer units, usually with the elimination of small molecules like 
water, alcohol, ammonia, carbondioxide, hydrochloric acid etc. 
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If two reacting molecules have one functional group each, the reaction stops 
after one step. For example, acetic acid reacts with ethyl alcohol to form ethyl 
acetate in one step: 


О О 
|| || 
CH, — C— OH + HO— CH,CH, —> СН, — C — ОСН,СН, + H,O 
Acetic acid Ethyl alcohol Ethyl acetate 


If one of the reacting molecules has two functional groups and the other has one 
functional group, i.e. acetic acid and ethylene glycol, the reaction stops after two 


Steps: 
j I 
|| 
CH, — C— ОН + НО— CH,CH, — OH —> СН, — C — OCH,CH, — OH + H,O 
(i) Acetic acid Ethylene glycol 
(monofunctional) (Bifunctional) 
O O 
» || || 
(I) — CH, — C— OCH,CH, — OH + HO— C— CH, —> 


I І 
CH, — C— O— CH,CH, — O— C— СН, + H,O 
If both the reactants are bifunctional, i.e., have two functional groups each, they 
undergo a series of condensations in a stepwise manner with the loss of simple 


molecules like water, alcohol at each step leading ultimately to the formation of a high 
molecular mass condensation polymer. 


e POLYAMIDES (Condensation polymers) 


Polymers which have amide linkages are called polyamides. These are prepared by the 
condensation polymerization of dibasic acids with diamines or their equivalents. 


a) Nylon 6, 6 
O O 
[| [ 
nHO— C—(CH,),—C—OH| 525K, О О 
High pressure | | 
Adipic acid — C — (CH,), — C — NH — (CH,), — NH —- + (2n—1)H,O 
Polymerisation Nylon 6, 6 


n 


+ 
nH,N — (CH,), — NH, 


Hexamethylenediamine 
(Here, 6, 6 indicates the no. of carbon atoms in diamide and dibasic acid, respectively) 
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b) Nylon 6, 10 
n HN — (CH,), — NH, 
Hexamethylenediamine O O 
i A, Polymerisation | | 
n HOOC— (CH), COOH] > HN — (СН), — NH— C— (CH), — С 
nu -(2n-1)H.O Nylon 6,10 
Sebacic acid n 


(6, 10 is number of ‘C’ in diamine & diacid, respectively) 


c) Nylon 6 
O NOH H 
С) Oxidation @ NH,OH С Conc. H,SO, AY 
— > — — p 
—H,O (Beckmann 
Cyclohexane Cyclohexanone Cyclohexanone rearrangement) Caprolactam 
oxime 
O 
522—543 K - || 
— p T А, Polymerisation 
H.O [H,N — (CH,); — СОО] —> HN —(CH,), — C 
Aminocaproic acid or -in-1)HO Nylon 6 7 


6-aminohexanoic acid 


e POLYESTER (Condensation polymer) 


Polymers which have easter linkages are called plyesters and are prepared by the condensation 
polymerisation of diacids with diols. 


O О 420-460 К 
II | Zn(OCOCH,), + $0,0, 
n[HO — CH, — CH, — OH] + ntHo—c—~ S— СОН] —————— 
Polymerisation 


Ethylene glycol 
or Ethane-1, 2-diol 


Terephthalic acid -(2n-1)H,O 


or Benzene-l, 4-dicarboxylic acid 


O— CH, — CH, — 0— LOH 


Terylene or Dacron 
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“Nylon, orlon and dacron are true synthetic fibers. Rayon is semisynthetic fiber derived 
from cellulose 


e RUBBERS (Addition polymers) 


a) Natural Rubber:- An elastomer, manufactured from rubber tree (Haeva braziliansis) 
latex. It is polymer of isoprene, formed by 1, 4 addition polymerisation. Also known as 
cis 1, 4 polyisoprene (all double bonds are cis). Exhibits elastic properties due to presence 
of weak vanderwaal's interactions. 


CH, CH, 
| Polymerisation 


| 
n CH, =C—CH=CH, — — — FCH, —C—CH— CH, E 


Isoprene Polyisoprene 
(2-Methyl-1, 3-butadiene) 


| CH. H | 
| = CH, CH; 
lC, н | сң D 


cis - polyisoprene (Natural rubber) 


ә Vulcanization: Natural rubber, at high temperature becomes soft and sticky, losses 
its elasticity and tensile strength. To improve its physical properties, it is heated with 
Sulphur at high temperature to give a crosslinked structure having sulphide linkages. 
This is known as vulcanisation. Vulcanised rubber is hard and more flexible. 


CH, 
| 
CH, —C—CH— CH, 
I | 
S S 


Ium 
| 
CH, і 


Vulcanised rubber 


b) Synthetic rubber: Synthetic rubber may be defined as any vulcanisable rubber like 
polymer which is capable of getting stretched to twice its length. However, it returns to 
its original size and shape when the stretching force is withdrawn. 
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(i) Neoprene 


O, or Peroxides 


п CH, = C— СН = CH, — — ——» Е CH, — C= CH — CH, f, 
| | 
С С 


Chloroprene Neoprene 


(ii) Buna-N (Butadiene-acrylonitrile copolymer) 


| Copolymerisation 
1, 3-Butadiene 


Peroxides, heat 
n CH, = CH—CH aco сн ——— un UM 
| | 
CN | 


Випа-М CN 
(iii) Buna-S (Butadiene-styrene copolymer) 
n CH, = CH — CH = CH, + n СН, = CH —» ЕСН, — СН = CH— CH, — CH, — CH} 


n 


1, 3-Butadiene Styrene Buna-S 


e BIODEGRADABLE POLYMERS 
Polymers such as polysaccharides (starch, cellulose, etc.) proteins and nucleic acids which 
control the various life processes are called biopolymers. All these biopolymers disintegrate 
by themselves in biological systems during a certain period of time by enzymatic hydrolysis 
and to some extent by oxidation and hence are biodegradable. As a result, they do not cause 
any pollution. 
(i) Poly-B-hydroxybutyrate-co-B-hydroxyvalerate (PHBV) 
Polymerisation 
n HO— CH — CH, — СООН + n HO— CH — CH, — СООН 
| | 
СН, CH,CH, 


3-Hydroxybutanoic acid 3-Hydroxypentanoic acid 


I 
CH, О CH,CH, 0|. 


PHBV 
(ii) Nylon 2, Nylon 6 
n H,N— CH, — COOH + n HN — (CH,), — СООН —> omg ev Д + (2n-1)H,O 
О П 


UU CT ha d +(2n — 1) HO 
| Ї | 


Glycine €-Aminocaproic acid O 
Nylon-2-Nylon-6 


It is a biodegradable step-growth copolymer. 
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50те polymers, their starting units and uses: 


A. Addition homopolymers:- 
Polymer structure 











1. Polythene CH, = CH5}- LDPE is used for making 
(PE) (a) LDPE: Low density toys, squeeze bottles, 
Polythene flexible pipes. 
(highly branched, flexible) | HDPE is used for making 
(b) HDPE: High density containers, bottles etc 
polythene 
(less branching, tough) 

2. Polypropene |CH, — CH = CH, Manufacture of toys, 

propene ropes, pipes, fibres etc. 

3. Polystyrene As wrapping materials, 
(PS) toys, disposable 

glasses, plates etc. 

4. CH, = CH - CI PVC water piping, 

vinylchloride hand bags, raincoats, 
vinyl flooring etc. 

9. | | ORLON/ CH, = CH — CN oubstitute to wool 
Polyacrylo — |vinylnitrite in making commercial 
-hitrile (PAN) fibres orlon or acrilan 
Polymethylmeth Windscreens, solar 
-acrylate panels, lighting fixtures, 
(PMMA) air craft windows 

CH, 
methylmeth — |PMMA or 
acrylate PLEXIGLASS/LUCITE 

f. Nonstick surfaces, cable 

insulation 
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polyisoprene| CH, = C— СН = СН, cis 1, 4 polyisoprene — |Natural rubber (elastic) 
| 
СН, | 
| Guttapercha (nonelastic & 
trans 1, 4-polyisoprene — 
isoprene non crystalline) 
(2-methyl, 1, 3-butadiene) 


Neoprene |H,C= а ашы ыд. А = „+ |For making gaskets 
| 
С С | and hoses. 
chloroprene 


Addition copolymers:- 


Buna-N CH,=CH-CH=CHh, CH, — CH = CH — CH, — CH — CH, Making oil 
(NBR) (1, 3-Butadiene | seals and 
t | ON 2, tank 
H,C = СН – CN lining etc. 
(acrylonitrile) 


Buna-S СН, = CH-CH = CH, |. cH, — cH = сн — CH, — сн — CH, + | Cable 
(SBR) (1, 3-butadiene) x insulations, 
+ /" |auto tyres, 





H,C = CHO) floortiles etc. 
(styrene) 


С. Condensation polymers:- 





Terylene/  |HO0C-XO)— COOH 
Dacron (Terephthalic Acid) 


+ 
HO—CH,-CH,-OH 
(Ethan-1, 2-diol) 


COOH 
COOH Manufacture 


(Phthalic Acid) of paints & 
+ Lacquers 

HO—CH,—CH,—OH 

(Ethan-1, 2-diol) 





— — 
co ho 
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Nylon 6, 6 | HOOC—(CH,),-COOH 
(Adipic Acid) 





+ 
H,N-(CH,),-NH 


(Hexamethylenediamine) 


15. | Nylon-6 Fabrics, tyre, 
| cords, ropes 
(Caprolactum) 

16. | Thiokol — | Cl-CH,—CH,—Cl {CH,-CH,-S-S-S-S}, For making 
(ethylene Chloride) hoses and 
+ engine gaskets 
Ма„5, 
(Sodium polysulphide) 

19. 


Urea- О Making 
formaldehyde HN— po NH, | 2 unbreakable 
resin pe cups,laminated 


sheets etc. 





HCHO 
(formaldelyde) 


Melamine Making 
polymer Y í unbreakable 


crockery 


(melamine) 
+ 
HCHO 
(i)Novolac It is used 


(Linear in paints 
phenol- D 


Tomate (Phenol) Novolac 


delyde) n (Linear) 
polymer HCHO А 
(formaldelyde) | 
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OH OH 


OH 
5 са © PN © „ОН, 
(Phenol) 


(il) Bakelite CH, For making combs, 


+ , i 
(Cross HCHO electric switches, 


linked handles of utensils. 
phenol) Н.С on CH, on CH, 
formaldeyde 


resin) Bakelite 


(Crosslinked) 





SAMPLE QUESTIONS: 


The polymer containing strong intermolecular forces; H-bonding is - 
a) natural rubber b) teflon 

c) nylon 6,6 d) polystyrene 
Ans: c) ; Hint: Due to presence of amide groups, H-bonding is possible 


The species which can best serve as an initiator for cationic polymerization is: 
а) Bull b) ШАН, 

c) HNO, d) AICI, 

Ans: c) Protonic acid is needed to form cation 


High density polythene (HDPE) can be prepared by: 

a) Free radical addition b) Cationic polymerization 

c) Anionic polymerization d) coordination polymerization 

Ans: d) ; HDPE are stereoregular, isotectic polythene; can be easily prepared by coordination 
polymerization using zeigler Natta catalyst. 

Which of these can undergo cationic polymerization with greater case than CH, = CH, 

a) CH,—CH=CH, b) CN-CHzZCH, 

c) CI-CH=CH, d) CH,-CH-COCH, 


Ans: (a) ; as cationic polymerization goes through a carbocation intermediate © cH — CH, 
| 
С 


if G = electron releasing, like CH, than it will stabilize the carbocation. CN, Cl and COCH, - are 
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9) The straight chain polymer is formed by- 
a) Hydrolysis of CH,siCI, followed by condensation polymerization 


b) Hydrolysis of (CH.), Si by addition polymerization 

c) Hydrolysis of (CH.),SiCI, followed by condensation polymerisation 

d) Hydrolysis of (CH,),siCl followed by condensation polymerisation 
CH, 
| 

And: c) (сн), 916,2 СЕ is bifunctional; undergoes condensation to give 
CH, 


linear polymers known as silicones 


CH. CH, CH, CH, 
| | | | 
HO——Si она HOL— Si —0H — —0-—Si—0-l-Si——0 
| | | | 

CH, CH. CH, \ CH, 


PRACTICE QUESTIONS 


1. Which of the following is false? 
a) Artificial silk is derived from cellulose 


b) Nylon-6, 6 is an example of elastomer 
c) The repeat unit in natural rubber is isoprene 
d) Both starch and cellulose are polymers of glucose 


2. Among cellulose, polyvinyl chloride, nylon and natural rubber, the polymer in which the 
intermolecular force of attraction is weakest is 


a) Nylon b) Polyvinyl chloride 
c) Cellulose d) Natural rubber 


3. Which of the following structures represents Neoprene polymers? 


a) COH — Gb), b) е 
C.H, CI 
CN С 
С) (CH, — CH}, d) (CH, — CH3, 
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4. Тһе species which can best serve as an initiator for the free radical polymerization is 
a) Benzoyl peroxide b) AICI, 
c) BuLi d) ШАН, 
9. Which of the following is a fully fluorinated polymer? 
a) Neoprene b) Teflon 
c) Thiokol d) PVC 
6. Natural Rubber is 
а) All trans-polyisoprene b) Chloroprene 
c) Buna-S d) Allcis-polyisoprene 
/. Which of the following statements is not correct 
a) Caprolactam is the monomer of nylon-6 
b) Terylene is a polyester polymer 
c) Phenol formaldehyde resin is known as bakelite 
d) Ihe monomer of natural rubber is butadiene. 
8. Which of the following polymers is prepared by condensation polymerization 
a) Styrene b) Nylon-6, 6 
c) Teflon d) Rubber 
9. Which of the following is a polymer containing nitrogen 
a) Polyvinyl chloride b) Bakelite 
c) Nylon d) lerylene 
10. Which of the following sets forms biodegradable polymers 
a) HO-CH,-CH,-0H and HOOC-(O)— соон 
b) C,H.-CHzCH, and CH,=CH-CH=CH, 
c) CH,-CH-CN and CH,=CH-CH=CH, 
d) H,N-CH,-COOH and H,N-(CH,),-COOH 
11. {NH(CH,),NHCO(CH,},CO}, is a 


a) Copolymer b) Addition polymer 
c) Thermosetting d) Monopolymer 
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12. 


13. 


14. 


15. 


16. 


17. 
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(® 
| 
C— CH, +. 
monomer of | IS 
| сн, 
а) 2-methyl propene b) styrene 


C) propylene d) ethene 


Which of the following is a chain growth polymer- 
a) starch b) Nucleic acid 
c) polystyrene d) protein 


Which of the following can undergo anionic polymerization with greater ease than ethylene 
(CH,=CH,)— 


a) CH,=CH b) CH, = CH 
| 
а CH, 

c) CH, = CH 
| d) allofthe above 
СН, 


Which of the following is correct statement- 

a) LDPE is obtained under high pressure and room temperature 
b) HDPE is obtained at atmospheric pressure 

с) HDPE is more flexible than LDPE 

d) HDPE has highly branched structure 


Which of the following is not a correct match- 


Polymer monomer/s 
a) Teflon Tetrafluoroethylene 
b) Plexi glass acrylonitrile 
c) Thiokol ethylene dichloride + sodium tetrasulphide 
d) Buna-S styrene + 1, 3-butadiene 
Orlon is a polymer of: 
a Styrene b) vinyl chloride 
c) acrylonitrile d) ргорепе 
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18. For the given polymers:- 1 = Buna-S 
the intermolecular 2 = Nylon-6, 6 
forces will be in 3 = Polythene 
decreasing order 
a) 1>2>8 b) 2>1>3 
c) 3>2>1 d 3>2<1 
19. Which is not an example of addition polymerization 
a) PMMA b) PE 
c) Neoprene d) Dacron 
20. Trans-1, 4-polyisoprene is known as- 
a) Natural rubber b) PVC 
с) Gutta-percha d) Buna-N 
ri M 
21. The monomer of the polymer Mi 5- 8t is: — 
| 
CH, CH, 
АН, 
а) CH=CH, b) (CH, — HC = C(CH,), 
“GH 
с) CH,- CH=CH – CH, d) CH,—CH=CH, 
22. Linear phenol-formaldehyde polymer is known as: 
a) Bakelite b) PMMA 
c) Novolac d) Teflon 
23. Biodegradable polymer which can be produced from glycine and aminocaprioic acid is 
a) Nylon 6,6 b) Nylon 2-nylon-6 
c) PHBV d) Buna-N 
24. The species that can be used as an initiator for anionic polymerization is: 
a) Виц b) KNH, 
с) ШАН, d) all of the above 
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20. 


26. 


2/. 


28. 


29. 


30. 


436 


Which of the following statements is/are correct- 

(i) Rubber is natural polymer 

(ii) Silk is proteneous is nature and polyer of a-amino acids 

(iii) Bakelite is a modified form of cellulose 

(iv) Cotton and jute are cellulosic in nature and a polymer of glucose 
a 
C 


) (i) & (il) are correct b) (ii) and (iv) are correct 
) (1), (1), (iii) are correct d) (i), (ii), (iv) are correct 
Teflon/polytetrafluoroethylene is used for nonstrick coating because of- 

а) itsinsulator properties 

its hardness and greacy appearance 


) 
) its low coefficient of expension 
) its low coefficient of friction 


С 


Оо cC 


Bakelite is а- 

a) chain growth and thermosetting polymer 
b) thermosetting condensation polymer 

с) stepgrowth thermoplastic 

d) crosslinked sheet fibre 


otructure of which of the polymers is not correct- 


a) Neoprene ( CH, — C = CH — CH, — CH, )}, 
О 

b) Terylene (06—05—C00CH,-CH,-0). 

c) Nylon-6, 6 (HN(CH,),NHCO(CH,), 2 CO. 

d) Teflon (CF, -CF. 

Which of the following is a biodegradable polymer- 

a) Cellulose b) Polythene 

c) Nylon-6 d) PVC 

Which of the following is used for manufacturing unbreakable crockery- 

a) PAN b) PVC 

c) Bakelite d) Malamine resin 
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CONCEPT MAP 


POLYMER 
Hompolymer 
Joined together through covalent bonds (POLY) + (MER) (Same type of monomers) 
(Polymerisation) Y Y 
MANY REPEAT 
Copolymers 


(Different types of monomers) 


Classification 
based upon 





ORIGIN STRUCTURE MOLECULAR MODE OF 
FORCES POLYMERISATION 
Natural Addition 
(Biodegradable) (Chain growth) 
synthetic Condensation 


(Step growth) 
Cross Linked Thermoplastics 


Thermosets 





(Nonbiodegradable) 
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UNIT 16 
Chemistry in Everyday Life 


Learning Objectives 
After studying this unit student will be able to 
e understand the role of chemistry in everyday life 
e explain drugs and their classification 
e understand the drug action in the body 
e describe about the chemicals present in food 
e explain the cleansing action of detergents 


A medicine is a chemical substance which cures the disease, is safe to use, has negligible toxicity 
and does not cause addiction. In contrast, a drug is a chemical substance which also cures the 
disease but is habit forming, causes addiction and has serious side effects. 


Chemotherapy - Branch of chemistry which deals with treatment of diseases using suitable chemicals. 
Classification of Drugs - Drugs can be classified on the basis of various parameter like 


a) pharmacological effect 


С 


chemical structure 


) drug action 
С) 


d) molecular targets 


Drug-Target Interaction - A drug can target various macromolecules present in the body e.g. 
enzymes and receptors. 


a) Enzymes as Drug Targets 


i) | Enzymes perform two major functions; first, they hold the substrate for a chemical reaction 
through a variety of interactions and, second, they provide functional groups for the 
chemical reaction. 


li) Drug can inhibit any of the activities of enzymes i.e. they can block the binding site of the 
enzyme or can inhibit the catalylic activity of the enzyme. Such drugs are called enzyme 
inhibitors. 


To inhibit the attachment of substrate on active site of enzymes, a drug can compete with the substrate 
known as competitive inhibitors or it can bind to allorteric site which leads to shape change of 
the active site. 


Receptors as Drug Targets - In this, drug will target the active site of the receptor. 


1st, receptor receives the chemical messenger (chemicals) then shape of the receptor changes and 
message is received. After that, receptor regains structure and chemical messenger leaves the site. 
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Drug binds to these sites. 

Antagonists - Drug that binds to the receptor site and inhibits its natural function. 
Agonists - Drug that mimic the natural messenger by switching on the receptor. 
Therapeutic Action of different classes of Drugs: 


Antacids . Substances which neutralize the excess hydrochloric acid and raise the pH to an appropriate 
level in stomach are called antacids. The most commonly used antacids are weak bases such as 
sodium bicarbonate, magnesium hydroxide, magnesium carbonate, magnesium trisilicate, aluminium 
hydroxide gel and aluminium phosphate. These antacids control only the symptoms and not the 
cause. Since histamine stimulates the secretion of pepsin and HCI, therefore, some antihistamines 
which prevent the interaction of histamine with the receptors present in the stomach wall are used as 
antacids. For examples, cimetidine or ranitidine. 


Antihistamines. Release of histamine in the body causes allergy. Drugs which interfere with the 
natural action of histamine by competing with histamine for binding site of receptor where histamine 
exerts its effect are called antihistamines or anti-allergy drugs. These are widely used for treatment 
of common cold, conjuctivities, itching of eyes, motion sickness, nausea in pregnancy and post 
operative vomiting. Some important antihistamine drugs are brompheniramine, terfenadine, 
diphenylhydramine (benadryl), pheniramine, cetrizine. 


Note: Antiallergic and antacid drugs work on different receptors. 


Neurologically Active Drugs - These drugs affect the message transfer mechanism from nerve to 
receptor. 


two types - a) Tranquilizers and b) Analgesics 


a) Tranquilizers (psychotherapeutic drugs): These are used for treatment of stress, mild 
and severe mental diseases. They are essential components of all sleeping pills. 


e Hypnotic : Sleep producing e.g. derivatives of barbituric acid (barbiturates) viz., veronal, 
amytal, luminal and seconal. 


e Non-hypnotic e.g. equanil, valium etc. 
e Antidepressants e.g. Іргопіа2іа and phenelzine. 
b) Analgesics - These are used to reduce pain. 


Non narcotic analgesics - Drugs which reduce or abolish pain without causing impairment of 
consciousness. They do not cause addiction eg. ibuprofen, naproxen, aspirin. 


Narcotic analgesics - They are used for relief of post-operative pain, cardiac pain and for pain 
during child birth. They are habit forming. eg. Morphine, codeine, heroin. 
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Antimicrobials : These drugs tend to destroy/prevent development or inhibit the pathogenic action 
of microbes such as bacteria (antibacterial drugs), fungi (antifungal drugs) and virus (antiviral agents). 


Antibiotics, antiseptics and disinfectants are antimicrobial drugs. 
Antibiotics: are used to treat infections because of their low toxicity for humans and animals. 
Types of antibiotics. These are of two types : 


i) Bactericidal antibiotics kill the microorganisms. For example. penicillin, streptomycin and 
ofloxacin 


ii) Bacteriostatic antibiotics either inhibit or arrest the growth of microorganisms. For example, 
erythromycin, tetracycline, chloramphenicol (Chloromycetin). 


Broad spectrum antibiotics - They are effective against several different types of harmful bacteria. 
eg. tetracycline, chloramphenicol. narrow spectrum antibiotics- They are effective against diseases 
caused by cocci and some gram positive bacteria or gram negative bacteria eg. penicillin. 


Antiseptics and disinfectants: These are used to prevent the growth of microorganisms or to kill 
them. 


Antiseptics are the chemical substances (e.g. antibacterial) which prevent the growth of micro- 
organisms and may even kill them. They are safe to be applied to living tissues. Thus, they are generally 
applied on the wounds, cuts, ulcers and diseased skin surfaces in form of antiseptic creams like 
furacin, soframycin. Antiseptics are also added to face powders, breath purifiers, etc. to reduce the 
odour produced as a result of bacterial decomposition of organic matter on the body or in the 
mouth. 


Disinfectants are chemical substances (i.e. antibacterial) which kill micro-organisms but are not 
Safe to be applied to the living tissues. These are generally used to kill the micro-organisms present in 
the drains, toilets, floors, etc. 


The same substance can act as an antiseptic as well as a disinfectant depending upon the concentration 
of the solution used. For example, 0.2% solution of phenol acts as antiseptic whereas 1% solution 
acts as disinfectant. 


e  Dettol is an antiseptic-It is a mixture of chloroxylenol and a-terpineol. 


Н, 
С 


H.C OH 
Chloroxylenol 





ü- Тегріпесі 
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e  Bithional is another well known antiseptic which is added to good quality soaps to reduce 
the odours produced by baterial decomposition of organic matter on the skin. 


Cl OH HO Cl 


S 


Cl Cl 


Bithional 
e [odine is a powerful antiseptic. It is used as tincture of iodine (which is 2-3 % solution of 
iodine in alcohol and water). It is applied on wounds. 


e lodoform (CHI,) which produces iodine on coming in contact with skin and is used as 
antiseptic for wounds. 


Anti fertility drugs: These are birth control pills or oral contraceptives. These control the female 
menstrual cycle and ovulation. Birth control pills contain a mixture of norethindrone (progesterone 
derivative) and novestrol (estrogen derivative) 


oulpha Drugs: A group of drugs which are derivatives of sulphanilamide are called sulpha drugs. 
These have fairly good antibacterial powers and have been widely used against diseases (Such as 
diptheria, dysentery, tuberculosis, etc.) caused by cocci infections, streptococci, gonococci and 
pneumococci. However, in the recent past, their use has sharply declined due to the availability of 


more effective and less toxic antibiotics. 
H;N —{_У—золн, 


Sulphanilamide 
[p-Arninobenzenesulphonarmide 


i) Sulphadiazine. It is the most widely used sulpha drug and is mainly used for dysentery, 
urinary and respiratory infections. 


— 


| N 
HN —( N—son A 


Sulphadiazina 


ii) Sulphapyridine. It is specifically used for the treatment of pneumonia. 


an У-ѕомн "N^ 


Sulphapvridina 
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Chemicals in Food or Food Additives: These are added to food to improve its keeping qualities, 
appearance, taste, odour and food value. 


1. 


Main categories of food additives are: 


Food colours; flavours and sweeteners; fat emulsifiers and stabilising agents; flour 
improvers-antistaling agents and bleaches; Antioxidants; Preservatives and nutritional 
supplements (vitamins, minerals and amino acids). 


Artifical sweetening agents 


i) Saccharine. It is about 550 times sweeter than sugar on mass to mass basis. It is not 
biodegradable (or is not metabolized in the body) and does not have any calorific value of 
food. It is excreted as such in urine. It is primarily used as a sweetening agent by diabetic 
patients. 


ii) Aspartame. It is about 100 times as sweet as sucrose. It decomposes at baking or 
cooking temperature and hence can only be used in cold foods and soft drinks. 


iii) Alitame is more table than aspartame. It is about 2000 times as sweet as sucrose. 


iv) Sucralose is trichloro derivative of sucrose. It tastes like sucrose and is stable at baking 
or cooking temperatures. It is about 600 times sweeter than sucrose. It neither provides 
calories nor causes tooth decay. 


Preservaties 

These are used to protect food against bacteria, yeast and moulds. They are classified into two 
groups class, | and class Il. 

Class | preservatives - It includes table salt, sugar and vegetable oils. 

Class 11 preservatives - It includes some chemicals 

sodium benzoate - It is used in soft drinks and acidic foods. 

sodium metabisulphite (Na, 5,0.) - It is used as preservative for jams, squashes and 
pickles. 

Antioxidants - Chemicals used to prevent oxidation of fats in processed foods such as 
potato chips, biscuits, breakfast cereals, crackers, etc. are called antioxidants. For example, 
butylated hydroxytoluene (BHT) and butylated hydroxyanisole (BHA). These phenolic 
compounds are added to preserve fats in packaged food. Oxygen reacts preferentially with 
BHA or BHT rather than oxidising fats or oils thereby protecting them from spoilage. 
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Cleansing Agents/Detergents : Soaps and synthetic detergents. 


Chemical substances which concentrate at the surface of the solution or interfaces, form surface 
films, reduce surface tension of the solution and help in removing dirt and dust by emulsifying grease 
are Called surface active agents or surfactants. The molecule of a surfactant contains two characterstic 
groups ; one of which is water soluble (hydrophilic) and the other is oil soluble (lyophilic or lipophilic). 
These are of two types : 


1. Soaps 
2. oynthetic detergents. 


Soaps are sodium or potassium salts of higher fatty acids such as lauric acid (C,,H,,COOH), palmitic 


acid (C,.H,,COOH), stearic acid (C,-H,,COOH), oleic acid (C,-H,,COOH) or linoleic acid (С. „Н, СООН). 


17 35 17 33 17 31 


soaps are formed by heating fat or oil (i.e., glyceryl esters of fatty acids) with aqueous sodium 
hydroxide solution. This reaction is called saponification. 





О 

| 
CH;—O—UC— C.H 

О CH;OF 

J Heat | 
CH-—7O0-—C-C4H, + 3NaO0H 3 C4;H4COONa + Te 

Q Sodium stearate 

il (soap) CH,OF 
CH;7O-—C-—-6C.H, Glycerol 


[Tristearin or .Ghycerylester of stearic acid) 


Types of Soaps : By using different raw materials, different types of soaps are made. Some examples 
of different types of soaps are toilet soaps, transparent soaps, medicated soaps, shaving soaps, 
laundry soaps and floating soaps. 


Advantages and Disadvantages of using Soap as Cleansing Agent 


Soap is a good cleansing agent and is 100% biodegradable ,i.e, micro-organisms present in sewage 
water can completely oxidise soap to CO,. As a result, it does not create any pollution problems. 
However, soaps have two disadvantages: 


i) | Soaps cannot be used in hard water since calcium and magnesium ions present in hard water 
produce curdy white precipitates of calcium and magnesium salts of fatty acids. For example, 


2C,H,COONa + CaCl,  — (6,H,600),Ca + 2 NaCl 


17 35 17 35 


Soluble sodium Calcium chloride Insoluble 
stearate (in hard water) calcium stearate 
(Soap) (scum) 
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2C,,H,COONa + MgSO, —— (C,-H,.COO),Mg + Na,SO, 
Soluble sodium Magnesium sulphate Insoluble 
stearate (in hard water) magnesium stearate 
(Soap) (scum) 


These insoluble soaps get precipitated as scum and hence a part of soap is wasted. In fact, this 
scum creates hindrance to good washing because it adheres to fibres of the cloth as gummy mass. 
Likewise hair washed with hard water looks dull due to this sticky scum. Similarly, due to this 
gummy mass, dye does not absorb evenly on cloth washed with soap using hard water. 


li) Soaps cannot be used in acidic solutions since acids (present in the solution) precipitate the 
insoluble free fatty acids which adhere to the fabrics and thus reduce the ability of soaps to 
remove oil and grease from fabrics. 


synthetic Detergents are sodium or potassium salts of sulphonic acids. Unlike soaps, detergents 
can be used in hard water because the calcium and magnesium salts like their sodium or potassium 
Salts are also soluble in water. However, detergents have one disadvantage. Unlike soaps, they are not 
completely biodegradable and hence cause water pollution. Detergents are of the following four types 


a) Anionic detergents. These are of the following two types: 


i) Alkylhydrogen sulphates. These are obtained from long chain alcohols by treatment 
with conc. H,SO, followed by neutralization with NaOH. For example, sodium lauryl 
Sulphate or sodium stearyl sulphate. These are 100% biodegradable. 


Conc. NaOH 
C, H,,CH,OH up C,,H,,CH,OSO,H ——9  C,,H,0H,080, Na+ 


11 23 11 23 11 23 
lauryl alcohol Lauryl hydrogen sulphate Sodium lauryl sulphate 
These sodium alkyl sulphates are 100% biodegradable. 


li) Alkylbenzene sulphonates. These are obtained by Friedel Crafts alkylation of benzene 
with a long chain alkene or an alcohol followed by sulphonation and neutralization with 
NaOH. The most commonly used domestic detergents is sodium 4-(1-dodecyl) 
benzenesulphonate, SDS. 


_ Gone 1250. Н.90 / NaOHfag) 
WICH} den CHCH Y sop ten, 
T © ss 


Dadecylbenzena 4-Dadscylbenzenesulphonic acid 


ccu), YA somna 


Sodium 4-(I-dodecyl) banzesulphonate 
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In these detergents, anionic part of the molecule is involved in the cleansing action. 
These are also used in toothpastes. 


Cationic Detergents: These are quarternary ammonium salts of amines with acetates, chlorides or 
bromides as anions. For example, cetyltrimethylammonium bromide. These detergents posses 
germicidal properties and hence are quite extensively used as germicides. They are also used in hair 
Shampoos and in hair conditioners. 


i 
CH;— (CH,),; 6 Br 
CH, 


Cetylrimethylammonium bromide 
(Cationic detergent used in hair conditioners) 


c) Non-ionic detergents: do not contain any ions. These are actually esters of high molecular 
mass alcohols obtained either by reaction between polyethylene glycol and stearic acid, (e.g., 
polyethylene glycol stearate) or by reacting long chain alcohols such as lauryl alcohol with 
excess of ethylene oxide in presence of a base (e.g., lauryl alcohol ethoxylate). Liquid dishwashig 
detergents contain non-ionic detergents. 

CH,(CH,),,COOH 
HOCH,-CH,OH + n CH,-CH, —> HO(CH,CH,0) CH,CH,OH ———————> 
-H,0 
Ethylene glycol 0 Polyethylene glycol | 


Ethylene oxide 


CH,(CH,),,COO(CH,CH,0) CH,CH,OH 


Polythylene glycol stearate 
(A non-ionic detergent) 


56 


Сн,(СН,),„СН,ОН + 8 CH,-CH, ————> CH,(CH,),,CH,(OCH,CH,),0H 


Lauryl alcohol Lauryl alcohol ethoxylate 


Ethylene oxide 


d) Zwitteionic detergents: contain both anionic and cationic parts. They are generally used to 
protect the native state of proteins during research work. 


Disadvantages of detergents. Detergents having highly branched hydrocarbon chains are not 
biodegradable and hence cause water pollution in rivers. Therefore, to minimize pollution, in most of 
the detergents used these days, branching is kept to a minimum so that the detergents become easily 
biodegradable. 
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PRACTICE QUESTIONS 


1. Which of the following is employed as antihistamine? 


a) Omeprazole b) Chloromphenicol 
c) Diphenylhydramine d) Nonrethindrone 
2. Aspirin is 
a) acetylsalicylic acid b) benzoyl salicylic acid 
c) chlorobenzoic acid d) anthranilic acid 


3. Тһе carboxyl functional group (-COOH) is present іп 


а) Plicric acid b) Barbituric acid 
C) Ascorbic acid d) Aspirin 
4.  Barbituric acid is used as 
a) An antipyretic b) An antiseptic 
c) Anantibiotic d) Atranquillizer 
5. Which among the following is not an antibiotic? 
a) Penicillin b) Oxytocin 
c) Erythromycin d) Tetracycline 


6. Antiseptics and disinfectants either kill or prevent growth of microorganisms. Identify which 
of the following statements is not true. 


a) Dilute solutions of boric acid and hyrogen peroxide are strong antiseptics. 


b) Disinfectants harm the living tissues 
с) А 0.2% solution of phenol is an antiseptic while 1% solution acts as a disinfectant 
d) Chlorine and iodine are used as strong disinfectants 
г. Tincture of iodine is 
a) aqueous solution of I, b) solution of I, in aqueous KI 
c) alcoholic solution of |, d) aqueous solution of KI 
0. [he sweetest artificial sugar among the following is 
а) aspartame b) surcralose 
C) alitame d) sucrose 
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9. The artifical sweetner containing chlorine that has the appearance and taste as that of sugar 
and is stable at cooking temperature is 


a) Aspartame b) Saccharin 
с) Sucrolose d) Alitame 


10. Ihe organic detergent that is used in hair conditioners is 
a) sodium dodecylbenzene sulphonate b) sodium lauryl sulphate 
c) tetramethylammonium chloride d) cetyltrimethylanmonium bromide 


11. Which one of the folowing is employed as a tranquilizer drug? 
a) Promethazine b) Valium 
c) Naproxen d) Mlifepristone 


12. Arsenic containing medicine used for treatment of syphilis, is 
a) Tetracycline b) Ofloxacin 
c) Erythromycin d) Salvarsan 


13. The class of drugs used for the treatment of stress Is 
a) Analgesics b) Antiseptic 
c) Antihistamine d) Tranquilizers 


14. Which one of the following is employed as a tranquilizer? 
a) Naproxen b) Tetracycline 
c) Chlorpheniramine d) Equanil 


15. The role of phosphate in detergent powder is to 
a) Control pH level of the detergent water mixture 
b) Remove Ca* and Mg% ions from the water that causes the hardness of water 
c) Provide whiteness to the fabrics 
d) Form solid detergent as phorphate-less detergent are liquid in nature 


16. Ihe oxidant which is used as an antiseptic is 


a) KBrO, b) KMnO, 
c) CrO, d) KNO, 
17. Bithional is generally added to the soaps as an additive to function as a/an 
а) Softener b) Dryer 
c) Buffering agent d) Antiseptic 
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18. Which of the following is used as a “morning after pill”? 
a) Mifepristone b) Ethynylestradial 
c) Norethindrone d) Promethazine 
19. 2-Acetoxy benzoic acid is used as 
а) Antiseptic b) Antidepressant 
c) Antimalarial d) Antipyretic 
20. Which of the following is an anionic detergent? 
a) Sodium lauryl sulphate b) Cetyltrimethyl ammonium bromide 
c) Glyceryl oleate d) Sodium stearate 
21. Butylated hyroxy toluene as a food additive acts as 
a) antioxidant b) flavouring agent 
с) colouring agent d) emulsifier 
22. Which of the following is an analgesic? 
a) Ofloxacin b) Pencillin 
c) Aminoglycosides d) Paracetamol 
23. Artifical sweetener which is stable under cold conditions only is 
a) Saccharine b) Sucralose 
c) Aspartame d) Alitame 
24. Which one of the following enhances leathering property of soap? 
a) Sodium rosinate b) Sodium carbonate 
c) Sodium stearate d) Trisodium phosphate 
25. Which one of the following compounds is added to soap to impart antiseptic properties? 
a) Sodium lauryl sulphate b) sodium dodecyl benzenesulfonate 
C) rosin d) bithional 
26. Butylated hyroxy anisole is 
a) an antioxidant b) cleansing agent 
c) disinfectant d) an antihistamine 
2/. Substance which are used to bring down the temperature in high fever condition are called 


a) Antiseptics b) Pyretics 
c) Antibiotics d) Antipyretics 
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20. Which among the following detergents is non-ionic in character? 
a) Sodium lauryl sulphate 
b) Penta erythrityl stearate 


C) Cetyltrimethyl ammonium chloride 
d) Sodium n-dodecyl benzene sulphonate 


29. Which one of the following is not a target molecule for drug function in body? 


a) Vitamins b) Carbohydrates 
c) Lipids d) Proteins 
30. Dettol, which is used as a common antiseptic is a mixutre of 
a) Chloroxylenol & Terpineol b) Тегріпео! & Bithional 
c) Bithional & Chloroxylenol d) Тегріпео! & Chlorine 
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UNIT 17 


Principles Related to Practical Chemistry 


Learning Objectives: 
After reading this unit student will be able to: 


understand the chemistry involved in the functional groups detection 

explain the principle in the preparation of some of the inorganic and organic compounds 
describe the chemistry involved in the volumetric analysis 

understand the chemical principles in the qualitative salt analysis 

explain the basic principles in some of the common physical chemistry experiments 


Practical Chemistry 


It has mainly three branches under which practicals are performed viz., organic, inorganic 
and physical chemistry. 


Organic practicals involve detection, synthesis and determination of melting point and boiling 
point of the compounds. 


Inorganic practicals involve volumetric analysis, preparation and salt analysis. 


Physical practicals involve different types of practicals like enthalpy determination, kinetic 
study of reactions, pH metery based etc. 


All the above stated practicals only cover some of the aspects of practical chemistry. 


Detection of Extra Elements: 





N, S and halogens are treated as the extra elements in the organic compounds. 
C, H and O are the constituent elements of the organic compounds. 
Lassaigne's Extract or Sodium Extract is prepared to detect the extra elements. 


In Sodium Extract, extra elements gets converted into sodium salts of ions like NaCN, Na,s 
and NaX (where X is the halogen). 


Chemistry involved in the detection of extra elements 





1. 


Test for Nitrogen (N): 
6NaCN + FeSO, ————> Na,|Fe(CN),] + Na,S0, 


(sodium ferrocyanide) 


3Na,[Fe(CN),] + 2Fe, (SO,), ————> Fe,[Fe(CN),], + 6Na,SO, 


Ferric ferrocyanide 
(Prussian blue) 
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2. Test for Sulphur (5): 
a) Sodium Nitroprusside Test: 


Na,S + Na,[Fe(CN).NO] — — —? Na, [Fe(CN), NOS] 
(Sodium nitroprusside) (sodium sulphonitroprusside) 


b) Lead Acetate Test: 


Na,S + [Pb(CH,C00),] ————> PbS | + 2CH,COONa 


Lead Sulphide 
( Black ppt.) 


3. Теѕіѓог N and S present together 
Test with FeCl, : On addition of FeCl, to sodium extract blood red colouration appears 


SNaSCN + FeCl, — — -? [Fe(SCN).] + 3NaCl 


Ferric thiocyanate 
(Blood red) 


4. Test for Halogens (X) 


N and S both interfere in the test of halogens, so before testing for halogens these should be 
completely removed from the sodium extract. Conc. HNO, is added to sodium extract and 
solution is repeatedly boiled, N is expelled as HCN gas and S is expelled as H,S gas. 


NaCN + HNO, ————> NaNO, + НСМ 


(conc.) 


Na,S + HNO, ————> NaNO, + Н,57 


(сопс.) 


Test with AgNO, 
Acidify sodium extract with dil HNO, and add AgNO, solution. 
i) Acurdy white ppt. soluble іп NH,OH indicates chlorine 
NaCl + AgNO, > AgCI + NaNO, 
AgCI + 2NH,OH > [Ag(NH,),]CI + 2Н,0 


(excess) Diamminesilver(I) chloride 
(Soluble complex) 
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li) A pale yellow ppt. sparingly soluble іп NH,OH indicates Br 
NaBr + AgNO, > AgBr | + NaNO, 
AgBr + 2NH,OH —— ? [Ag(NH.),|Br + 2H,0 


Diamminesilver (1) bromide 
(sparingly soluble complex) 


iii) A yellow ppt. insoluble in NH,OH indicates iodine 


Nal + AgNO, > Agl | + NaNO, 
(yellow) 


Agl + NH,OH >? ppt. does not dissolve in NH,OH 


Organic layer Test - When 1-2 mL of organic solvent (CHCI, or CCI,) is added to sodium extract and 
then few drops of acidified KMnO, or 2-3 drops of conc. HNO, is added, organic layer attains a colour 
on shaking. 


Colourless organic layer - Chlorine 
Brownish yellow organic layer - Bromine 
Violet organic layer - lodine 

Detection of the functional groups: 


1. Hydroxyl (Alcohol and Phenol): 
a) Alcohol 
Сеггіс Ammonium Nitrate Test: Alcohols with few drops of cerric ammonium nitrate 
solution gives red colour 


(NH,),[Ce(NO,),] + ROH — — -—? (NH,),[Ce(OR)(NO.),] + HNO, 


Yellow Red 
b) Phenol 


i) Neutral FeCl, Test: Aqueous solution of phenol with 1-2 drops of neutral FeCl, 
Solution gives purple or green colouration. 


Colour will vary depending upon the organic compound containing phenol as 
functional group. 


ОН 


3 СО] + FeCl, — — H,[Fe(OC,H,),] + 3HCI 


Violet 
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li) Phthalein Test - When equal amount of phenol and phthalic anhydride with few 
drops of conc. H,SO,, heated and then poured into the beaker containing dilute NaOH, 
formation of pink colour of phenolphthalein indicates the presence of phenol. 


OH HO OH 
| CO. HSO, Oh Kr 
(0) + LX „© i C. 
CO | OQ, 


gy? 


Colourless 


| МаОн 
© 
“© 2 
С 
id 
Pink colour 


2. Carbonyl (Aldehyde or Ketone) 


Carbonyl group - On heating the carbonyl compound with 2, 4-DNP reagent, a red-orange 
precipitate forms which indicates the presence of carbonyl group. 


R 


NHNH, `c = N— NH 
ey" OR ey"? 
R—C—R: Bm *HO 
| | | | 
О NO, NO, 


Test for aldehyde 


Tollens’ Test or Silver Mirror Test- Aldehyde reduce the Tollens’ Reagent. Formation of 
Silver mirror on the sides of boiling tube indicates aldehyde. 


Ә © 
R—C—H-*2[Ag(NH,,]'- ЗОН — — ? RCOO +2Ао| + 2Н,0 + 4NH, 
|| (Silver mirror) 
O 
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Fehling’s Test- given by aliphalic aldehydes. Aldehydes reduce the Fehling solution with a 
formation of brick red ppt. of cuprous oxide (Cu). 


В — CHO + 2Cu + 50H —— ——» RCOO" + Cu,0.| +3H,0 
(Brick red ppt.) 


Note: Ketone does not reduce Fehling solution and ammonical AgNO, i.e., does not give 
Fehling Test and Tollens’ Test. 


lodoform Test: This test is given by those compounds which contain CH,CO-group or 
CH,-CH- group 
| 


OH 
When organic compound is treated with NaOl, yellow ppt. of iodoform is obtained 


0 
| 
R — C — CH, "9 „ CHI, | + RCOONa 
(Yellow ppt.) 
3. Carboxyl Group 
a) Sodium Bicarbonate Test (NaHCO, Test): 


When a saturated solution of NaHCO, is added to organic compound, brisk effervescence 
indicates carboxylic group due to evolution of CO.,. 


RCOOH + NaHCO, — — —? RCOONa + CO,4 + HO 
b) Litmus Test: Carboxylic acid being acidic in nature turns blue litmus red. 
4. Amino Group: 


Carbylamine Test/Isocyanide Test- This test is shown by both 1° aliphatic and 1° aromatic 
amines. When organic compound is gently heated with few drops of chloroform and alcoholic 
KOH, foul smell of carbylamine or isocyanide is obtained. 


R — NH, + CHCI, + ЗКОН _^„ R — NC + ЗКО + H,O 


(1° aliphatic (alcoholic) Iso cyanide 
or (foul smell) 
1° aromatic amine) 
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Chemistry involved in the preparation of the following: 


1. Acetanilide: 


O 
O | 
NH, | NH —C—CH, 
o) 5 “> (0) CH,COOH 
+ — > + 
CH md 
O 
Aniline Acetic Acetanilide 
Anhydride 


Acetic Anhydride is an acetyling agent. This is a preferred method for synthesis in laboratory. 


2. p-nitroacetanilide:- Nitro derivatives of aniline cannot be prepared directly as this will lead 
to oxidation of aniline and a mixture of products will form alongwith the oxidised product of 
aniline. 


So, reactive amino group is protected by acetylation. 


NHCOCH, NHCOCH, NHCOCH, 


conc. HNO/ 


| | 
Со] conc. H,SO, NO, с 
a + 
NO, 


Acetanilide o-nitroacetanilide p-nitro- 
(minor) acetanilide 
(major) 


Acetamide group is o, p-directing, so when acetanilide undergoes nitration, colourless p- 
nitroacetanilide mixed with yellow o-product (smaller portion) is also formed. 


Recrystallisation from ethanol will remove soluble o-nitroacetanilide. 
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3. Aniline Yellow- It is the first azo dye produced in 1861. 


© 
NH, N=No N=N —(0)—N4 


NaNO,, HCI C,H,NH, 

© ы” O a © ко 
0-5°С ОН 

Aniline Aniline Yellow 


4. lodoform: lodoform reaction is shown by all the carbonyl compounds which contain CH,CO- 
group or alcohol which contain CH,CH(OH)- group. 


CH... 
„С=О + NaO —— + СНІ, | + RCOONa 


lodoform 
(yellow ppt.) 


9. Mohr's Salt (FeSO,.(NH,),50,.6H,0) 
It is a double salt of FeSO, and (NH,),50, 
FeSO,.7H,0 + (NH,),S0, —— —? FeS0O,.(NH,),S0,.6H,0 + H,O 
e Ín solution, double salts loose their identity. 


e Double salt exist only in solid or crystalline state but breaks down into their constituent 
ions when they are dissolved in water or any other solvent. 


FeSO,.(NH,),S0,.6H,O > Fe**(aq) + 2NH; (aq) + 250,* (aq) + 6H,0(1) 


e tis prepared from ferrous sulphate and ammonium sulphate in the presence of dilute 
H,S0,. 


e Dilute H,SO, is used to prevent the conversion of ferrous sulphate to ferric sulphate and 
also to prevent its hydrolysis. 


6. Potash Alum, K,S0,.Al, (S0,),.24H,0: 
It is a double salt of K,SO, and Al,(S0,),. In the solvent, it ionizes to its constituent ions: 
К,50, + AL(SO,),.18H,0 + 6H,0 ——> K,50,.AL(S0,),.24H,0 
K,50,.A1,(80,),.24H,0 ——-> 2K*(aq) + 2Al**(aq) + 4S0, (aq) + 24H,0(l) 


e Inthe preparation of potash alum, concentrated H,SO, is used to prevent hydrolysis of 
aluminium sulphate. 
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Chemistry involved іп the titrimetric Analysis 


In volumetric analysis, the strength of a unknown solution is determined by allowing the solution to 
react with standard solution (whose concentration is known) and volume of the solution required for 
complete reaction is measured. 


Acid-Base Titrations 


Types of acid-base titrations 


1. Strong acid vs. strong base (HCI vs. NaOH) 
2. Weak acid vs. strong base (CH,COOH vs. NaOH) 
3. Strong acid vs. weak base (НСІ vs. NH,OH) 
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Indicator- Substance which is usually added into the solution taken in the titration flask to 
detect the equivalence/end point. 


Indicators which are used in the acid-base titrations are known as pH indicators or 
neutralisation indicators. 


An acid-base indicator is a weak organic acid (e.g., phenolphthalein) or weak organic 
base (e.g., methyl orange). 


They possess different colour in the acidic and basic medium which indicate the end 
point in the titration. 


some commonly used indicators with their pH range are as follows: 


Colour change 
Methyl Orange | 32-44 
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Phenolphthalein 
It is a weak organic acid (HPh). 


HPh — H+ + Ph 

Pink 
(Benzenoid (Quinonoid structure) 
structure) 


OH OH O О 
Colourless Pink 
(acidic form) (Basic form) 


Methyl Orange, (MeOH) 
It is a weak base. 


MeOH E Me* + ОН— 


(Yellow) (Red) 
(Benzenoid structure) (Quinonoid structure) 
O O 
_ | p Н: E | , ^0 
p CU ee OTP HOC 
CH CH 
O Í O H i 
Yellow Red 
(Basic form) (Acidic form) 


Titration of strong Acid vs. Strong Base 
HCI vs. NaOH 
e рН ofthe solution at the end point = 7. 
e Indicators which can be used are Methyl orange, methyl red and Phenolphthalein 
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Titration of weak acid vs. Strong Base 
CH,COOH vs. NaOH 
e рН ofthe solution at the end point > 7 
e Indicators which can be used are phenolphthalein or thymol blue. 
Titration of strong acid vs. Weak base 
HCl vs. NH,OH 
e рН ofthe solution at end point < 7 
e Indicator which can be used is methyl red. 
Titration of weak acid vs. weak base 
e Мо indicator is suitable in titration of a weak acid against weak base. 
Titration of oxalic acid vs. KMnO, 
e (tis a redox titration 
e KMnO, act as a self-indicator 
e colour change is colourless to pink. 
e KMnO, is an oxidising agent and oxalic acid (C,0,H,) is a reducing agent. 
Reactions involved are: 
Мпо, + 8H* + Se~ ——> Мп? + 4H,O 
C,0,H, 


Overall Reaction is: 
2MnO,— + 5C,0,H, + 16H* ——> 2Mn* + 1000, + 10H* + 8H,0 


——> 200, + 2H* + 2е— 


e In this titration, rate of reaction of oxalic acid with KMnO, is very slow, hence the oxalic 
acid solution is heated to 60-70°C. 


e Mn* produced in the solution catalyses the reaction. 


e Temperature of the reaction should not be high because oxalic acid may decompose into 
CO, and CO. 


Titration of Mohr's salt vs. KMnO, 
e |tis a redox titration 
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e KMnO, act as a self-indicator. 

e Colour change is colourless to pink. 

e KMnO, is an oxising agent and Mohr's salt (FeSO,.(NH,),50,.6H,0) is a reducing agent. 
Reactions involved are: 

Мпо, + 8H* + ое ——> Mn* + 4H,0 

Fe^* ——> Fe% + e7 
Overall Reaction is: 

MnO,- + 5Fe* + 8H* ——> Mn? + 5Fe% + 4H,0 


e Dilute H,SO, is added while preparing standard solution of Mohr's salt, to prevent the 
hydrolysis of Fe% ions to Fe% ions (brown precipitate of Fe(OH), would be formed on 
hydrolysis) 


e [his titration is done in cold because Fe* is oxidised to Fe** ion by oxygen of air at high 
temperature. 


Chemical principles involved in the qualitative salt analysis: 


A. Identification of Acidic Radicals anions: 
Most of these salts are acted upon by dilute H,SO, or dilute HCl and concentrated H,S0,. In 
each case, a gas Is liberated which Is characteristic of the particular acidic radical. There are 
some acidic radicals which аге not decomposed either by dilute H,SO, or concentrated H,S0 ,. 
Hence, for the identification of the acidic radicals, the following scheme is followed: 


Group |: This group consists of radicals which are detected by dilute H,SO, or dilute HCI. 
These are (i) carbonate, (ii) sulphite, (iii) sulphide, (iv) nitrite and (v) acetate. 


Group Il: This group consists of radicals which are detected by concentrated H,SO,. These 
are (i) chloride, (ii) bromide, (ili) iodide, (iv) nitrate and (v) oxalate. 


Group III: The radicals which do not give any characteristic gas with dilute and concentrated 
Н,о0,. These are (i) sulphate, (ii) phosphate, (ili) borate and (iv) fluoride. 


Reactions with explanations 


(i) Carbonate 
The carbonates are decomposed with dilute HCI or dilute H,SO, with the evolution of carbon 
dioxide gas. When this gas is passed through lime water, the lime water turns milky with the 
formation of calcium carbonate. 
Na,CO, + Н,50, ——> Na,50, + H,O + CO, 
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(ii) 


Ca(OH), + CO, —> CaCO, + H,O 


Lime water White ppt. 


However, if the CO, gas is passed in excess, the milky solution becomes colourless due to 
the formation of soluble calcium bicarbonate. 


CaCO, + H,O + CO, —> Ca(HCO,), 

White ppt.Soluble 
Sulphite 
oulphite ion with dilute Н,50, gives out sulphur dioxide gas which possesses suffocating 
Smell of burning sulphur. When acidified potassium dichromate paper is exposed to the gas, 
it attains green colour due to the formation of chromic sulphate. 


Na,SO, + Н,50, —> Na,SO, + Н,0 + $0, 
K,Cr,0, + H,SO, + 350, —> К,50, + Cr,(SO,), + H,O 


(iii) Sulphide 
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Dilute Н,50, decomposes a sulphide salt to form H,S gas which smells like rotten eggs. 
№,5 + H,S0, ——> Na,$0, + H,S 

On exposure to this gas, the lead acetate paper turns black due to the formation of lead sulphide. 
Pb(CH,COO), + Н,5 ——> PbS + 2CH,COOH 


Black ppt. 
Nitrite 
When a nitrite ion is treated with dilute H,SO4, it yields a colourless nitric oxide gas which on 
contact with oxygen of the air becomes brown due to the formation of nitrogen dioxide. 


2NaNO, + H,SO, ——> Na,SO, + 2HNO, 


Nitrous acid 


SHNO, ——> H,O + 2NO + HNO, 
2NO + 0, > 2NO, 


Brown coloured gas 
(a) On passing the gas in dilute FeSO, solution, brown coloured complex salt is formed. 
FeS0,.7H,0 + NO ——> [Fe(H,0),NO]SO, + 2Н,0 
Brown coloured 


(b) When a mixture of iodide and nitrite is acted upon by dilute Н,50,, the iodide is 
decomposed giving violet vapours of iodine 


2NaNO, + H,SO, —> Na,SO,  2HNO, 
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2KI + Н,50, ——> K,SO, + 2HI 
2HNO, + 2НІ —> 2H,0 + l, + 2NO 


Violet vapours 


(c) Starch iodide paper is turned blue due to the liberation of iodine form iodide by nitrous 
acid which gives blue colour with starch. 


2NaNO, + Н,50, > Na,sO, + 2HNO, 
2KI + 2CH,COOH + 2HNO, ——> 2CH,COOK + 2NO + 2H,0 +1, 
|, + starch ——> Blue colour 


(v) Acetate 
Acetates when heated with dilute Н,50, decompose to give acetic acid vapours which possess 
characteristic smell of vinegar. 
2CH,COONa + Н,50, ——> 2CH,COOH + Na,SO, 
(a) All acetates are soluble in water. On addition of neutral FeCl, solution to the solution of 
an acetate, blood red coluration develops due to the formation of ferric acetate. 


FeCl, + 3CH,COONa ——> (CH,COO),Fe + 3NaCl 


Blood red colour 


Note : (i) The ferric chloride solution supplied in the laboratory is always acidic containing HCI. 
It is made neutral by the addition of dilute solution of NH,OH drop by drop with constant 
Stirring till the precipitate formed does not dissolve. At this stage filter the solution. The filtrate 
is called neutral ferric chloride solution. 


(ii) Before testing acetate in the aqueous solution of a salt or a mixture, it must be made sure that 
the solution does not contain the following ions which also combine with Fe* ions. 


(i) CO,2-, (ii) $O,2-, (iii) PO,2-, (iv) IF 


These ions can be removed by addition of AgNO, solution and only after the removal of 
these ions, the test of acetate should be performed by neutral ferric chloride solution. 


(b) Acetates are also decomposed with oxalic acid and give off acetic acid. 
2CH,COONa + H,C,0, — Na,C,0, + 2CH,COOH 
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Reactions with explanations 


(i) Chloride 
Colourless pungent fumes of hydrogen chloride are evolved on heating the sodium chloride 
with conc. H,S0,. 
NaCl + Н,50, ——> NaHSO, + HCI 


a) VYellowish-green gas of chlorine with suffocating odour is evolved when the sodium 
chloride mixed with manganese dioixed is heated with conc. H,50,. 


NaCl + Н,50, ——> NaHSO, + HCI 


MnO, + 4HCI ——> MnCl, + 2H,0 + Cl, 
b) The gas evolved by heating chloride with sulphuric acid forms white fumes of ammonium 
chloride with NH,OH. 


NH,OH + НСІ —> NH,CI + H,O 


White fumes 


c) The gas evolved by heating chloride with H,SO, forms a curdy precipitate of silver chloride 
with silver nitrate solution. 


AgNO, + HCI — > AgCI + HNO, 
ppt 


Note: The curdy precipitate dissolve in ammonium hydroxide by forming a complex salt. 
AgCI + 2NH,OH ——> [Ag(NH.),]CI + 2H,0 


When the solution having the silver complex is acidified with dilute nitric acid, a white 
precipitate of silver chloride is again formed. 


[Ag(NH.),]Cl + 2HNO, > AgCI + 2NH,NO, 


d) Chromyl chloride test : When sodium chloride is heated with conc. H,SO, in presence 
of K,Cr,0_, deep red vapours of chromyl chloride are evolved. 


NaCl + Н,50, ——> NaHSO, + HCI 
K,Cr,0_ + 2H,50, ——> 2KHSO, + 2Cr0, + H,O 
CrO, + 2HCI ——> CrO,Cl, + Н,0 


Chromyl chloride 


2 
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When these vapour аге passed through NaOH solution, the solution becomes yellow 
due to the formation of sodium chromate. 


CrO,Cl, + 4NaOH ——> Na,CrO, + 2NaCl + 2Н,0 


Yellow colour 


The yellow solution is neutralised with acetic acid and on addition of lead acetate gives a 
yellow precipitate of lead chromate. 


Na,CrO, + Pb(CH,C00), ——> PbCrO, + 2CH,COONa 


Yellow ppt. 


Note: (i) This test is not given by the chlorides of mercury, tin, silver, lead and antimony. In such 
cases this test may be performed by taking the residue obtained after evaporation of sodium 
carbonate extract. 


(il) The chromyl chloride test is always to be performed in a dry test tube; otherwise the 
chromyl chloride vapours will be hydrolysed in the test tube. 


CrO,Cl, + 2H,0 —> H,CrO, + 2HCI 


(iii) The test is said to be positive when all the three observations viz., orange-yellow (red) 
vapours of chromyl chloride, yellow solution of sodium chromate, yellow precipitate of 
lead chromate, are correct. 


(iv) Sometimes, a white precipitate is obtained after the addition of lead acetate solution even 
in absence of chloride. This may be due to strong heating of the mixture with conc. 
H,S0, when Н,50, vapours are absorbed in NaOH solution or due to incomplete 
neutralisation of NaOH solution which reacts with lead acetate to form lead hydroxide. 


(v) Bromides and iodides do not give this test. 


(ii) Bromide 
Reddish-brown fumes of bromine are formed when the sodium bromide is heated with conc. 
H,S0,. 


NaBr + Н,50, > NaHSO, + HBr 
2HBr + Н,50, > Br, + 2H,0 + SO, 
More reddish-brown fumes of bromine are evolved when MnO, is added. 
2NaBr + 2H,SO, ——> 2NaHSO, + 2HBr 
MnO, + H,S0, ——> Mn$0, + H,O + [0] 
2HBr + [0] ——> H,0 + Br, 
2NaBr + MnO, + ЗН,50, ——> 2NaHSO, + MnSO, + 2H,0 + Br, 
467 


IQ’ О” 
UDA AN 
A program to give wings to gir students STUDY MATERIAL FOR CHEMISTRY - XII 


(a) The aqueous solution of bromide gives pale yellow precipitate of silver bromide which 
dissolves in excess of NH,OH forming a soluble complex. [AgBr is sparingly soluble in 
NH,OH solution. | 


NaBr + AgNO, ——> AgBr + NaNO, 


Pale yellow ppt. 
AgBr + 2NH,OH ——> Ag(NH,),Br + 29,0 


(0) When the fresh salt or mixture is treated with dilute H,S0,, CHCI, ore CCI,, and chlorine 
water, chlorine replaces bromine and the liberated bromine dissolves in CHCI, or CCl, 
layer giving it brown colour. 


2KBr + Cl, ——> 2KCI + Br, 
Br, + Chloroform ——> Brown layer 
(111) Iodide: Violet vapours of iodine are evolved on heating iodide with concentrated H,SO,. 
2KI + 2H,SO, > 2KHSO, + 2НІ 
2HI + H,S0, > 1, + SO, + 2H,0 
More violet vapours are evolved when MnO, is added. 
2KI + 2Н,90, ——> 2KHSO, + 2HI 
MnO, + H,S0, ——> Mn$0, + H,O + [0] 
2HI + [0] > H,0 +1, 
2KI + MnO, + 3H,SO, ——> 2KHSO, + MnSO, + 2H,0 + I, 
(a) Violet vapours with starch produce blue colour. 


|, + Starch ——> Blue colour 


(b) Aqueous solution of the iodine gives yellow precipitate of Agl with silver nitrate solution 
which does not dissolve in NH,OH. 


Nal + AgNO, ——> Agl + NaNO, 
Yellow ppt. 


(c) When the given substance is treated with dilute H,S0,, CHCI, or CCI, and chlorine water, 
chlorine replaces iodine which dissolves in CHCI, or CCI, layer giving it violet colour. 


2KI + Cl, > 2KCI + I, 
|, + CHCI, —> Violet layer 
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Note: Excess of chlorine water should be avoided as the layer becomes colourless with the 
conversion of iodine into iodic acid. 
[СІ, + Н,0 ——> 2НСІ + 0] x5 
|, + H,O + 5[0] > 2HIO, 
|, + 501, + 6H,0 ——> 2HIO, + 10HCI 


(vi) Nitrate: Light brown fumes of nitrogen dioxide are evolved on heating the nitrate with 
concentrated H,SO,. 


NaNO, + H,S0, ——> NaHSO, + HNO, 
4HNO, > 2H,0 + 4NO, + 0, 

These fumes intensify when copper turnings are added. 
Cu + 4HNO, ——> Cu(NO,), + 2NO, + 2H,0 


Ring Test: When the aqueous solution of the substance is treated with freshly 
prepared solution of ferrous sulphate and conc. H,SO,, a brown ring is formed on 
account of the formation of a complex at the junction of two liquids. 


NaNO, + H,S0, > NaHSO, + HNO, 
6FeSO, + 2HNO, + ЗН,50, ——> ЗЕе,(50,). + 4H,0 + 2NO 
[Fe(H,O),]SO,H,0 + NO ——> [Fe(H,0),NO]SO, + 2H,0 


Ferrous sulphate Brown ring 


Note: (a) Ring test is not reliable in presence of nitrite, bromide and iodide. 


(b) The nitrates can be tested by boiling nitrate with Zn or Al in presence of concentrated NaOH 
solution when ammonia is evolved which can be detected by the characteristic odour. 


Zn + 2Na0H ——> Na,ZnO, + 2H 
Al + NaOH + H,O ——> NaAIO, + ЗН 
NaNO, + 8H ——> NaOH + 2H,0 + NH, 


(v) Oxalate: When oxalate is heated with conc. Н,50,, a mixture of CO and CO, is given off. The 
CO burns with blue flame. 


Na,C,0, + Н,50, — Na,sO, + H,C,0, 
Н,С,0, + [H,50,] — CO + CO, + H,O + [H,S0,] 
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(ii) 


(iii) 
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GROUP Ill 
Some anions are identified by their characteristic chemical reactions. These radicals are 
sulphate, borate, phosphate and fluoride. 


Sulphate: Dissolve a little amount of the substance (salt or mixture) and add barium chloride 
solution. A white precipitate insoluble in conc. HNO, is formed. 


Reactions with explanations 
White precipitate of barium sulphate is obtained when soluble sulphate is treated with barium 
chloride solution. 


Na,SO, + BaCl, ——> 2NaCl + Ваѕ0, 
White ppt. 


The white precipitate is insoluble іп conc. HNO.. Certain chlorides e.g., NaCl апа BaCl, when 
present in large quantities, may form a white precipitate which dissolves on dilution with 
water. Silver and lead, if present, maybe preciptated as silver Chloride and lead chloride by the 
addition of barium chloride. To avoid it, barium nitrate may be used in place of barium chloride. 


Borate: To a small quantity of the substance (salt or mixture), add a few mL of ethyl alcohol 
апа conc. Н,50,. Stir the contents with a glass rod. Heat the test tube and bring the mouth of 
the test tube near the flame. The formation of green edged flame indicates the presence of 
borate. 


Reactions with explanations 
When borate is heated with ethyl alcohol and H,S0,, ethyl borate vapours come out which 
burn with green edged flame. 


2Na,BO, + 3H,S0, ——> 3Na,SO, + 2H,BO, 
H,BO, + 3C,H.0H ——> (C,H,),BO, + 3H,0 
Ethyl borate 


In place of ethyl alcohol, methyl alcohol can also be used. This test should be performed in a 
test tube and not in a porcelain basin because copper or barium salts, if present, will come in 
contact with the flame which also give green flame. 


Phosphate: Take about 0.2g of the substance in a test tube and add 2 mL conc. HNO,. Heat 
and add 2 mL ammonium molybdate solution. Again head, canary yellow precipitate indicates 
the presence of phosphate. 


Reactions with explanations 
The canary yellow precipitate is due to the formation of ammonium phosphomolybdate. 


Ca,(PO,),  6HNO, —> 3Ca(NO,), + 2H,PO, 
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H.PO, + 12(NH,),MoO, + 21HNO, —> (М№Н,),.РО,.12Мо0, + 21NH,NO, + 12H,0 
(Canary yellow ppt.) 


Arsenic under similar conditions also yields a yellow precipitate of (NH,),AsO,. 12MoO, 
(ammonium arsenomolybdate). So, in presence of As, phosphate is tested in the filtrate of 
Second group. 


The precipitate of ammoinum phosphomolybdate dissolves in excess of phosphate. Thus, the 
reagent (ammonium molybdate) should always be added in excess. 


HCI interferes in this test. Hence, if the test of phosphate is to be performed with the solution 
containing HCI, the solution should be boiled to remove HCI. 


Reducing agents such as sulphites, sulphides, etc., interfere as they reduce Mo(VI) to 
molybdenum blue (Mo,0,.xH,0). The solution, therefore, turns blue. In the presence of reducing 
agents, the solution should be boiled with HNO, as to oxidise them before the addition of 
ammonium molybdate. 


Tests of various acidic radicals with sodium carbonate extract: 


sulphide 


(a) Take sodium carbonate extract and add few drops of NaOH and then freshly prepared 
Sodium nitroprusside solution. Appearance of violet colour indicates the presence of 
Sulphide. 


Na,S + Na,[Fe(CN),NO] ——> Na,[Fe(CN),NOS] 
Sodium nitroprusside (Violet colour) 


(0) To soda extract, add lead acetate solution. A black precipitate indicates the presence of 
Sulphide. 


№а,5 + Pb(CH,COO), ——> PbS + 2CH,COONa 
Lead sulphide (Black) 


(c) To soda extract add cadmium carbonate. A yellow precipitate indicates the presence of 
sulphide. 


Na,5 + Сасо, > Cds + Na, CO, 


Cadmium sulphide(Yellow) 


Cation Analysis or Analysis of Basic Radicals 
For the analysis of cations, first step is the prepration of the original solution. In this process, the 
mixture is dissolved in a suitable solvent and then analysis is carried out using this original solution. 


Order of solvents to prepare the original solution is as follows: 
a) Distilled water (first cold and then hot) 
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b) Dilute HCI (first cold and then hot) 


) 
) Concentrated HCI (first cold and then hot) 
) 
) 


CL. O 


Dilute HNO, (first cold and then hot) 
Concentrated HNO, (first cold and then hot) 
f) Aqua regia (ЗНСІ: 1 HNO.) 


If substance is insoluble in any of the above mentioned solvents, then it is treated as insoluble. 


CD 


Classification of cations into various groups: 


HU. РО”, BP OUP, С”, А” 80%, Sr” 


Fee, Ale, Cre NH,OH in the presence of NH,UI 
Zn**, Mn*, М, Co? H,S gas in basic medium 
Ba**, srt, Ca^ (NH,),CQ, in the presence of NH,CI and NH,OH 


К+, Mg% No particular reagent 





GROUP | 
When dil. HCl is added to original solution, insoluble chlorides of lead, silver and mercurous 
mercury are precipitated. 


Pb(NO.), + 2HCl ——> PbCl, + 2HNO, 

AgNO, + HCI ——> AgCI + HNO, 

Hg,(NO.), + 2НСІ ——> Hg,Cl, + 2HNO, 
Pb? (lead) 


PbCI, is suluble in hot water and on cooling white crystals are again formed. 


The solution of PbCI, gives a yellow precipitate with potassium chromate solution which is 
insoluble in acetic acid but soluble in sodium hydroxide. 


PbCl, + K,CrO, —»PbCrO, | + 2КСІ 


Yellow ppt. 


PbCrO, + ANa0H ——> Na,PbO, + Na,CrO, + 2H,0 
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The solution of PbCI, forms a yellow precipitate with potassium iodide solution 


PbCI, + 2KI ——> РЫ, | + 2KCI 
yellow ppt. 


White precipitate of lead sulphate is formed with dilute Н,50,. The precipitate is soluble in 
ammonium acetate. 


PbCl, + Н,50, ——> PbSO, | + 2HCI 

PbSO, + 2CH,COONH, ——> Pb(CH,COO), + (NH,),S0,. 
Ag* (silver) 
AgCI dissolves in ammonium hydroxide. 

AgCI + 2NH,OH ——> Ag(NH,),CI + 2H,0 


Diammine silver (I) chloride 
On adding dilute HNO, to the above solution, white precipitate is again obtained. 
Ag(NH,),Cl + 2HNO, ——> AgCI + 2NH,NO, 


White ppt. 


On adding KI to the complex solution, yellow precipitate is obtained. 


Ag(NH,),Cl + KI ——> Agl + KCI + 2NH, 
Yellow ppt. 


Hg,” (mercurous) 
Hg,Cl, turns black with NH,OH. 
Hg,Cl, + 2NH,OH ——> Hg + Hg(NH,)CI + NH,CI + 2Н,0 
Black 
The black residue dissolves in aqua-regia forming mercuric chloride. 
ЗНО + HNO, ——> NOCI + 2H,0 + 201 
2Hg(NH,)CI + 6Cl ——> 2HgCl, + 4HCI + N, 
Hg + 201 ——> НОСІ, 


(11) The solution of НОСІ, forms white or slate-coloured precipitate with stannous chloride. 


2HgCl, + SnCl, ——> Hg, Cl, + SnCl, 


White ppt. 
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Hg, Ul, + SnCl, ——> 2Hg + SnCl, 
Grey ppt. 


(iv) The solution of НОСІ, with copper turning forms a grey deposit. 
НОСІ, + Cu — Hg + CuCl, 
Grey ppt. 


GROUP Il 
When hydrogen sulphide is passed in acidified solution, the radicals of second group are 
precipitated as sulphides. The precipitate is treated with yellow ammonium sulphide. The 
Sulphides of group IIB are first oxidised to higher sulphides which then dissolve to form 
thio-compounds. 


Аѕ,5, + 2(NH,),S, —> 2(NH,),S + As,S, 
Sb,S, + 2(NH,),S, —> 2(NH,),S + Sb,S, 
SnS + (NH,),S, ——> (NH,),S + SnS, 
Аѕ,5, + 3(NH,),S ——> 2(NH,),AsS, 


Ammonium thioarsenate 


Sb,S, + 3(NH,),S ——> 2(NH,),SbS, 


Ammonium thioantimonate Soluble 


SnS, + (NH,),S ——> (NH,),SnS, 


Ammonium thiostannate 


In case, the precipitate does not dissolve in yellow ammonium sulphide, it may be either HgS 
or PbS or Bi,S, or CuS or Cds. The precipitate is heated with dilute HNO,. Except HgS, all 
other sulphides of IIA are soluble. 


3PbS + ВНМО, ——> 3Pb(NO,), + 2NO + 35 + 4H,0 
Bi,S, + ВНМО, ——> 2Bi(NO,), + 2NO + 35 + 4H,0 
3CuS + ВНМО, ——> 3Cu(NO,), + 2NO + 35 + 4H,0 
3CdS + ВНМО, ——> 3Cd(NO,), + 2NO + 35 + 4H,0 


Hg% (mercuric) 
HgS is dissolved in aqua-regia. 


3Hg$ + 2HNO, + 6HCI ——> 3HgCl,* 35 + 2NO + 4H,0 
The solution is divided into two parts 
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Part |: Stannous chloride solution reduces НОСІ, first into white Hg,Cl, and then to grey metallic 
mercury. 
Part 11: Copper displaces Hg from НОСІ, which gets coated on copper turnings as a shining 
deposit. 
Pb% (lead) 


In case the sulphide dissolves in dilute HNO,, a small part of the solution is taken. Dilute- 
H,S0, is added. If lead is present, a white precipitate of lead sulphate appears. 


Pb(NO,), + Н,50, ——> PbSO, + 2HNO, 


While ppt. 


In absence of lead, the remaining solution is made alkaline by the addition of excess of 
NH,OH. Bismuth forms a white precipitate of Bi(OH),, copper forms а deep blue coloured 
solution while cadmium forms a colourless soluble complex, 


Bi(NO,),  3NH,OH ——> Bi(OH), + 3NH,NO, 


White ppt. 


Cu(NO,), + 4NH,OH ——> [Cu(NH,),](NO,), + 4H,O 
Tetrammine cupric nitrate 
(deep blue solution) 


Cd(NO,), + 4NH,OH ——> [Cd(NH,),](NO,), + 4H,0 
Tetrammine cadmium nitrate 
(colourless solution) 


Bi** (bismuth) 
The precipitate dissolves in dilute HCI. 


Bi(OH), + 3HCI ——> ВІСІ, + 3H,0 
Part |: Addition of excess of water to ВІСІ, solution gives a while precipitate due to hydrolysis. 
ВІСІ, + Н,0 ——> BiOCI + 2HCI 
Bismuth oxychloride 
(White ppt.) 


Part 11: The solution of ВІСІ, is treated with sodium stannite solution when a black precipitate of 
metallic bismuth is formed. 


2ВІСІ, + 3Na,SnO, + 6NaOH ——> 3Na,SnO, + 2Bi + 6NaCl + ЗН,0 


Sod. Stannite Sod. Stannate 
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Си?+ (copper) 
Blue coloured solution is acidified with acetic acid. When potassium ferricyanide is added, a 
chocolate coloured precipitate is formed. 


Cu(NH,),(NO,), + 4CH,COOH ——> Cu(NO,), + 4CH,COONH, 
2Cu(NO,),  K,[Fe(CN),] ——> Cu,[Fe(CN),] + 4KNO, 


Chocolate ppt. 


Cd? (cadmium) 
H,S is passed through colourless solution. The appearance of yellow precipitate confirms the 
presence of cadmium. 


Cd(NH,),(NO,),  H,S ——> CdS + 2NH,NO, + 2NH, 


Yellow ppt. 


GROUP IIB 
In case the precipitate dissolves in yellow ammonium sulphide, the tests of the radicals arsenic, 
antimony and tin are performed. The sulphide is treated with concentrated hydrochloric acid. 
Antimony and tin sulphides dissolve while arsenic sulphide remains insoluble. 


As?* (arsenic) 
The insoluble sulphide is treated with concentrated nitric acid which is then treated with 
ammonium molybdate. Yellow precipitate of ammonium arsenomolybdate is formed. 


As,S, + 10HNO, ——> 2H,AsO, + 10NO, + 2H,0 + 5S 


Arsenic acid 


H.AsO, + 12(NH,),MoO, + 21HNO, ——> (NH,),AsO,12MoO, + 21NH,NO, + 12H,0 


Yellow ppt. 


Sn% or Sn* (tin) 
solution of sulphide in concentrated HCI is reduced with iron fillings or granulated zinc. 


ons, + 4HC] ——> snl, + 2H,S 
опо, + Fe ——> опо, + FeCl, 

HgCl, solution is added to above solution which gives first a white precipitate that turns to grey. 
2HgCl, + snCl, ——> НОСІ + SnCl, 


White ppt. 


Hg,Cl, + snCl, ——> 2Hg + SnCl, 
Grey 
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sb* (antimony) 
Filtrate of sulphide in concentrated HCI is divided into two parts: 


Part 1: On dilution with excess of water, a white precipitate of antimony oxychloride is obtained. 
SbCl, + H,O > SbOCI + 2HCI 


White ppt. 
Part 11: Н, is circulated. Orange precipitate is formed. 
25001, + ЗН,5 ——> 50,5, + 6HCI 


Orange ppt. 


GROUP III 
Hydroxides are precipitated on addition of excess of ammonium hydroxide in presence of 
ammonium chloride. 


AICI, + 3NH,OH ——> Al(OH), + 3NH,Cl 


Gelatinous ppt. 


CrCl, + 3NH,OH ——> Cr(OH), + 3NH,CI 
Green ppt. 


FeCl, + 2NH,OH —> Fe(OH), + 3NH,CI 


Brownish red ppt. 


Рез+ (iron) 
The brownish red precipitate dissolves in dilute HCl. The solution is divided into two parts: 


Part |: K,[Fe(CN),] solution is added which forms deep blue solution or precipitate. 
Fe(OH), + 3HCl ——> FeCl, + 3H,0 
4FeCl, + 3K,[Fe(CN).] > Fe,[Fe(CN).]. + 12KCI 


Prussian blue 
Part 11: Addition of potassium thiocyanate solution gives a blood red colouration. 
FeCl, + ЗКСМ ——> Fe(CNS), + 3KCI 


Blood red colour 


Cr+ (chromium) 
The green precipitate is fused with fusion mixture (Na,CO,  KNO.). The fused product is 
extracted with water or the precipitate is heated with NaOH and bromine water. 


2Cr(OH), + 3KNO, + 2Na,CO, ——> 2Na,CrO, + 3KNO, + 260, + 3H,0 
or 2NaOH + Вг, ——> NaBrO + NaBr + H,O 


477 


IQ’ О” 
UDA AN 
A program to give wings to git students STUDY MATERIAL FOR CHEMISTRY - XII 


NaBrO > NaBr + [0] 
2Cr(OH), + 4NaOH + 3[0] ——> 2Na,CrO, + 5H,0 


The solution thus obtaind contains sodium chromate. The solution is acidified with acetic 
acid and treated with lead acelate solution. A yellow precipitate appears. 


Na,CrO, + Pb(CH,C00), —> PbCrO, + 2CH,COONa 


Yellow ppt. 


Al** (aluminium) 
The gelatinous precipitate dissolves in NaOH. 


Al(OH), + NaOH ——> NaAlO, + 2Н,0 
Soluble 


The solution is boiled with ammonium chloride when Al(OH), is again formed. 
NaAIO, + NH,CI + H,O ——> Al(OH), + NaCl + NH, 


GROUP IV 
On passing H,S through the filtrate of the third group, sulphides of fourth group are 
precipitated. NiS and CoS are black and insoluble in concentrated HCI while MnS (buff 
coloured), ZnS (colourless) are soluble in conc. HCI. 


Zn% (zinc) 
The sulphide dissolves in HCI. 


ZnS + 2НСІ —> ZnCl, + H,S 


When the solution is treated with NaOH, first a white precipitate appears which dissolves in 
excess of NaOH. 


ZnCl, + 2NaOH —> Zn(OH), + 2NaCI 


Zn(OH), + 2Na0H ——> NaZn0O, + 2Н,0 
(Soluble) 


On passing Н,5, white precipitate of zinc sulphide is formed. 


Na,Zn0, + H,S —> ZnS + 2Na0H 
White ppt. 


Mn* (manganese) 
Manganese sulphide dissolves in HCI. 


MnS + 2HCI —> MnCl, + H,S 
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On heating the solution with NaOH and Вг, water, manganese dioxide gets precipitated. 
MnCl, + 2NaOH ——> Mn(OH), + 2NaCl 
Mn(OH), + О ——> MnO, + H,O 


The precipitate is treated with excess of nitric acid and PbO, or Pb.O, (red lead). The contents 
are heated. The formation of permanganic acid imparts pink colour to the supernatant liquid. 


2MnO, + 4HNO, ——> 2Mn(NO,), + 2H,0 + 0, 
2Mn(NO,), + 5Pb,0, + 26HNO, ——> 2HMnO, + 15Pb(NO,), + 12H,0 


Permanganic acid (pink) 
Note: The above test fails in presence of HCI. 


Ni? (nickel) and Co** (cobalt) 
The black precipitate is dissolved in aqua-regia. 


SNIS  6HCI + 2HNO, ——> ЗМІСІ, + 2NO + 35 + 4H,0 
3005 + 6HCI + 2HNO, ——> 3CoUl, + 2NO + 35 + 4H,0 


The solution is evaporated to dryness and residue extracted with dilute HCI. It is divided into 
three parts: 


Part 1: Add NH, OH (excess) and dimethyl glyoxime. A rosy red precipitate appears. 


Part 11: Add CH,COOH in excess and KNO,. The appearance of yellow precipitate confirms the 
presence of cobalt. 


KNO, + CH,COOH —> CH,COOK + HNO, 

CoCl, + 2KNO, ——> Co(NO,), + 2HNO, 

Co(NO,), + ЗКМО, ——>K,[Co(NO,),] 
GROUP V 


Ammonium carbonate precipitates V group radicals in the form of carbonates. These 
carbonates are soluble in acetic acid. 


BaCO, + 2CH,C00H —> (СН,С00),Ва + CO, + H,O 
SrCO, + 2СН,СООН —> (СН,С00),5г + CO, + Н,0 
CaCO, + 2CH,COOH —> (СН,С00),Са + CO, + Н,0 
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Ba** (barium) 
Barium chromate is insoluble and precipitated by the addition of potassium chromate solution. 


Ba(CH,COO), + K,CrO, —> BaCrO, + 2CH,COOK 


sr** (strontium) 
strontium sulphate is insoluble and precipitated by the addition of ammonium sulphate 
solution. 

Sr(CH,COQ), + (NH,S0, > Sr$0, + 2CH,COONH, 


White ppt. 


Ca? (calcium) 
Calcium oxalate is insoluble and precipitated by the addition of ammonium oxalate. 
Ca(CH,COQ), + (NH,),0C,0, > CaC,0, + 2CH,COONH, 


White ppt. 


GROUP VI 
In the filtrate of V group, some quantity of ammonium oxalate is added so as to remove Ba, Ca 
and Sr completely from the solution. The clear solution is concentrated and made alkaline 
with NH,OH. Disodium hydrogen phosphate is now added, a white precipitate is formed. 


MgCl, + Na,HPO, + NH,OH ——> Mg(NH,)PO, + 2NaCI + H,O 
Magnesium ammonium 
phosphate (White ppt.) 


NH* (ammonium) 
The substance (salt or mixture) when heated with NaOH solution evolves ammonia. 


NH,CI + Маон —> NaCl + NH, + H,O 


When a rod dipped in HCI is brought on the mouth of the test-tube, white fumes of ammonium 
chloride are formed. 
NH, + HCl ——> NH,Cl 
White fumes 


To the aqueous solution of ammonium salt when Nessler's reagent is added, brown coloured 
precipitate is formed. 


NH, 
Hg 
bot 
О 
РАЙ 
2K Hgl, + NH, Cl + 4KOH ——> е 7KI + KCI + 3H,0 


lodide of Millons base 
(Brown ppt.) 
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DRY TESTS 
Dry tests are of great importance as these tests give clear indications of the presence of 
certain radicals. The following tests are performed in dry state: 


(i) Flame test 
(1) Borax bead test 
(ili) Microcosmic salt bead test 


Flame test 

some volatile salts impart characteristic colour to the non-luminous flame. The chlorides of 
the metals are more volatile in comparison to other salts. The metal chloride volatilises and its 
thermal ionisation takes place. 


NaCl > Na* + ОГ 


ж 


CaCl, <= Ca^ + 207 


NC. 


The cations impart a characteristic colour to the flame as these absorb energy from the flame 
and transmit the same as light of characteristic colour. 


Procedure: The platinum wire fused in a glass rod is heated in the flame till it imparts colourless 
flame. This is achieved by dipping the wire in conc. HCl and heating it. The process is repeated 
till it gives a colourless flame. The tip of the wire is now dipped in conc. HCI and then into the 
substance. The tip of the wire is strongly heated in the non-luminous flame and the colour of 
the flame is observed by the naked eye. 


Colour of flame Inference 
1. Golden yellow sodium 
2. Violet Potassium 
3. Brick red Calcium 
4. Crimson red otrontium 
5. Apple green Barium 
6. Green with a blue centre Copper 


Note: Flame test should not be performed in the presence of As, Sb, Bi, Sn and Pb as these 


radicals form alloy with platinum and hence, the wire is spoiled. 


(ii) Borax bead test 


On heating borax the colourless glassy bead formed consists of sodium metaborate and boric 
anhydride. 


Heat Heat 
Na,B,0,.10H,0 ——> Na,B,0, —> 2NaBO, + В,0, 
Glassy bead 
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On heating with a coloured salt, the glassy bead forms a coloured metaborate in oxidising 
flame. 


CuS0, ——> CuO +50, 
СиО + B,O, ——> Cu(BO,), 


Copper metaborate (Blue) 


The metaborates possess different characteristic colours. The shade of the colour gives a clue 
regarding the presence of the radical. 


However, in reducing flame the colours may be different due to different reactions. For example, 
copper metaborate may be reduced to colourless cuprous metaborate or to metallic copper, 
which appears red and opaque. 


2Cu(BO,), + С ——> 2CuBO, + B,O, + CO 
2Cu(BO,), + 20 ——> 2Cu + 2B,0, + 260 


Procedure: [he free end of a platinum wire is coiled into a small loop and heated in the 
Bunsen flame until red hot. It is dipped in borax and gain heated, when borax swells up and 
then fused into a glassy bead. 


The bead is moistened with water and dipped in the coloured salt again. It is now heated first 
in the oxdidising flame and then in the reducing flame and colours are noted in both the 
flames in hot and cold conditions. 


Microcosmic salt bead test 
This test is similar to borax bead test. When microcosmic salt is heated, a colourless transparent 
bead of sodium metaphosphate is formed. 


Na(NH,)HPO, ——> Na,PO, + NH, + H,O 
Sodium metaphosphate 
sodium metaphosphate combines with metallic oxides to form orthophosphates which are 
usually coloured, the shade of the colour gives a clue regarding the presence of metal. Like 
borax bead test, colours are noted both in oxidising and reducing flames in hot and cold 
conditions. 


Enthalpy of neutralization of strong acid and strong base 


The amount of heat evolved when one gram equivalent of an acid is neutralised by one gram 
equivalent of a base is called enthalpy of neutralisation 
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Units: АН „= cal mol or J mol" 
e Кога! strong acids and strong basses, 
AH „= 13.70 K cal mol or 57.1 KJ mol" 
This value is constant and given by Hess's. 


e Strong acids and strong bases are completely ionised in aqueous solutions (according to 
Arrhenius theory), so neutralisation process is represented as: 


+= +- +— 
НА + ВОН ——> BA + H,O AH = -13.70 K cal mol = -57.1 KJ то 


This process is the same in all neutralisation reaction involving strong acids and strong 
bases, thus the heat of neutralisation is a constant value (practically). 


Enthalpy of solution of CuSO, 
e Formation of a solution is usually accompanied by heat changes. 


e Heat of Solution: It is the head change per mole of the solute dissolved. This heat is 
either evolved or absorbed. 


Units: АН. = kJmol ^ 


e Heat of a solution is not a constant quantity, it depends on the amount of solute taken 
i.e., its value at a constant temperature will vary with concentration of the solution. 


e Integral Heat of solution: It is the heat change when a known amount of solute (pure) 
is added to a known amount of solvent (pure) under constant temperature and pressure. 

e The limiting value of integral heat of solution is known as heat of solution at infinite 
dilution. 

e For CuS0,: It exists as anhydrons & hydrated salt. 


There are two types of heat of solution. 

1. Heat of solution of anhydrous salt 

2. Heat of solution of hydrous salt. 
By taking the difference of the two heat of solution, heat of hydration of CuSO, can be 
determined. 


Enthalpy of hydration: It is the enthalpy change accompanying the hydration of one mole 
of an anhydrous salt by combining with specific number of moles of water. 


Heat of hydration of salt = Heat of solution of anhydrous salt — Heat of solution of hydrated 
salt. 
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Chemical Principles involved in the preparation of Lyophillic and Lyophobic sol: 


Colloidal sols are divided into two categories: 


1. 
2. 


Lyophillic sol- Solvent attracting 
Lyophobic sol- Solvent repelling 


Lyophillic sols are more stable than the lyophobic sols because in lyophillic sols, particles 
of dispersed phase have an affinity for the particles of dispersion medium. 


Factors responsible for the stability of sols are: 

Charge 

solvation of the colloidal particles by the solvent. 

Lyophillic sols are stable due to the solvation factor. 

Lyophobic sols are stable due to the charge on the colloidal particles. 
Charges can be positive or negative. 

Examples of lyophillic sols are Egg albumin, starch and gum. 


Examples of lyophobic sols are freshly prepared ferric hydroxide, aluminium hyroxide 
and arsenic sulphide. 


Positively charged sols- hydrated ferric oxide (when FeCl, is added to excess of hot 
water) 


Negatively charged sol- starch, arsenious sulphide and hydrated ferric oxide (when 
FeCl, is added to NaOH solution). 


Lyophillic sols are directly formed by mixing and shaking the substance with a suitable 
liquid. 

Lyophobic sols cannot be prepared by direct mixing and shaking. 

some methods for the colloids preparation are- 

a) Chemical methods 

b) Electrical disintegration 

C) Peptization. 


sols are purified by dialysis. 


Knietic study of the Reaction of iodide ion with hydrogen peroxide at room 
temperature 
Reaction between iodide ions and hyrogen peroxide takes place in acidic medium as follows: 
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2| (aq) + H,O,(I) + 2H*(aq) > 1,(9) + 2H,O(I); slow reaction 
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e Inthis reaction mixture if calculated amount of sodium thiosulphate (Na,s,0,) is added 
in the presence of starch solution as an indicator. 


e Liberated lodine reacts with thiosulphate ions as fast as it is formed and is reduced back 
to iodide ions till all the thiosulphate are oxidised to tetrathionate ions. 
1,09) + 5,0, (ag) ——> 5,0,2 (aq) + 2I (aq); fast reaction 
e After the complete consumption of thiosulphate ions, the concentration of iodine liberated 


in the reaction of hydrogen peroxide with iodide ions increases rapidly to a point where 
iodine forms intense blue complex with starch. 


|, + starch ——> Blue complex 
e lime required to consume a fixed amount of the thiosulphate ions is reproducible. 


e This reaction is also called clock reaction because time for the appearance of colour 
shows the accuracy of clock. 


SOLVED EXAMPLES 


1. Anelement ‘A’ exists as a yellow solid in standard state. It forms a volatile hydride ‘B’ which 
is a foul smelling gas and is extensively used in qualitative analysis of salts. When treated 
with oxygen. 'B' forms an oxide ‘C’ which is colourless, pungent smelling gas. This gas when 
passed through acidified KMnO, solution decolourises it. 


A, B and C are 

a) 5, H,S and SO, b) $,H,5and 50, 
c) C, CH, and CO, d) С, C,H, and CO, 
Ans. (a) 


The element ‘A’ which exists as yellow solid is Sulphur. The volatile hydride ‘B’ is H,S which 
has a rotten egg like smell. When treated with oxygen, the oxide formed is SO, which has a 
pungent smell. The gas when passed through acidified KMnO, decolourises it. 


2. When concentrated Н,50, was added into an unknown salt present in a test tube, a brown 
gas ‘A’ was evolved. This gas intensified when copper turnings were also added into this test 
tube. On cooling the gas ‘A’ changed into colourless gas ‘B’. ‘B’ is 


a) NO, b АО, 
c) HNO, d) NO 
Ans. (b) 


The brown gas ‘A’ evolved is NO,. This gas exists as its dimer NO, at a lower temperature 
N,0, is a colourless gas. 
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An orange solution ‘P’ turns yellow on adding NaOH solution to it. This yellow solution 
becomes orange again when an acid is added to it. P is 


a) КОГО, р) К,Сг,0, 
c) С,(50,), d) СО, 
Ans. (0) 


When an alkali is added to an orange red solution of dichromate, a yellow solution results 
due to the formation of chromate. On acidifying, the colour again changes to orange red due 
to the reformation of dichromate. 


Which one of the following is the most efficient electrolyte in coagulating a Fe,0,,H,O/Fe* 
Sol? 


a) KCl b) AICI, 
c) K,[Fe(CN),] d) MgCl, 
Ans (С) 


Fe,0,.H,O / Fe* is positively charged sol. For coagulating this sol. a negative ion is required. 
According to Hardy Schulz rule, greater the valency of coagulating ion, greater is its power to 


bring about coagulation. 


[Fe(CN),]* has a higher charge. Therefore, it is more effective to bring about the coagulation 
of positive sol. 


Compount ‘A on reacting with NaOH and I, gives two products as shown below: 
NaOH 

А ——* В + CH,COONa 

|, 


В is a yellow ppt. 


Ais 

a) Ethanol b) Ethanal 
c) Propanone d) 2-Butanone 
Ans. (C) 


The given reaction is lodoform reaction. It is given by those aldehydes and ketones which 
contain CH,CO- group. In this reaction, all the three H-atoms of the methyl group are first 
replaced by halogen atoms to form either a Zr///oalgel»yaeor trihaloketone which subsequently 
reacts with alkali to yield a haloform and the salt of carboxylic acid containing one carbon 
atom less than the starting aldehyde/ketone. 
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0.1 


Іп the given question, since the sodium salt obtained is CH,COONa (2 carbon atoms), the 
Starting ketone is propanone (3 carbon atoms). 


A compound ‘P’ (С.Н.О,) gives a dark colour with neutral FeCl, solution and a brisk 


effervescence with Sodium-bi-carbonate solution. 'P' is 

a) Phenol b) Benzoic acid 
c) Hydroxy benzoic acid d) Anester 
Ans. (C) 


since the given compound gives a brisk effervescence with NaHCO,, it is a carboxylic acid. 
Phenol does not give this reaction. The compound also gives a dark colour with neutral FeCl., 
so the compound is Hydroxy benzoic acid. 


PRACTICE QUESTIONS 
A test-tube containing a nitrate and another containing a bromide and MnO, are treated with 
conc. Н,50,. The brown fumes evolved are passed into water. The water will be coloured by 
a) the nitrate b) the bromide 
C) both d) none of the two 


An inorganic salt when heated evolves a coloured gas which bleaches moist litmus paper. 
The evolved gas is 


a) NO, b О, 

с) Br, d) 1, 

A salt is heated first with dil. Н,50, and then with conc. H,SO,. No reaction takes place. It may be 
a) nitrate b) sulphide 

c) oxalate d) sulphate 


Chromyl chloride vapours are dissolved in water and acetic acid and lead acetate solution is 
added, then 


a) the solution will remain colourless b) thesolution will become dark green 
c) ayellow solution will be obtained d) ayellow precipitate will be obtained 
The acidic solution of a salt produced a deep blue colour with strach iodide solution. The salt 
may be 

a) chloride b) nitrite 

C) acetate d) bromide 
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12. 


When chlorine water is added to an aqueous solution of potassium halide in presence of 
chloroform, a violet colour is obtained. On adding more of chlorine water, the violet colour 
disappears, and acolourless solution is obtained. The test confirms the presence of the following 
in aqueous solution. 


a) lodide b) Bromide 

c) Chloride d) lodide and bromide 
For the test of halides the soda extract is acidified with 

a) dil. H,S0, b) dil. HNO, 

c) dil. HCl D) any ofthe three 


A salt solution is acidified with dil. НСІ and BaCl, solution is added. A white precipitate is 
formed. The salt contains 


а) С b) Br- 
C) NO. d) 90, 


Concentrated nitric acid is added before proceeding to test for group Ill members. This is to 
a) reduce any remaining H,S 

b) convert ferrous ion into ferric ion 

c) formnitrates which give granular precipitate 

d) increase ionisation of ammonium hydroxide 


Which of the following can be used in place NH,UI for the identification of the third radicals? 
a) NH,NO, b) (NH,),SO, 
c) (NH,),CO, d) NaCl. 
In fifth group, (NH,)CO, is added to precipitate out the carbonates. We do not add Na,CO,, 
because 
a) CaCO, is soluble in Na,CO, 
b) Na,CO, increases the solubility of fifth group carbonates 
) MgCO, will be precipitated out in fifth group 
) 


(ap) 


d 
On addition of aqueous NaOH to a salt solution, a white gelatinous precipitate is formed, 
which dissolves in excess alkali. The salt solution contains 

a) chromous ions b) aluminium ions 

C) barium ions d) iron ions 


none. 
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13. Identify the correct order of solubility of Na,s, CuS and ZnS in aqueous medium 
a) CuS > ZnS > Na,S b) ZnS > Na,S > CuS 
c)  Na,S > CuS > ZnS d) Na,S> ZnS > CuS 


14. Potassium chromate solution is added to an aqueous solution of a metal chloride. The 
precipitate thus obtained are insoluble in acetic acid. These are subjected to flame test, the 
colour of the flame is 


a) lilac b) apple green 
c) crimson red d) golden yellow 
15. A metal chloride solution on mixing with K,CrQ, solution gives a yellow ppt., insoluble in 
acetic acid. The metal may be- 
a) mercury b) zinc 
C) silver d) lead 


16. Lead has been placed in group 1st and 2nd because 
a) it shows the valency one and two 


b) it forms insoluble РОС, 
с) it forms lead sulphide 
d) its chloride is partly soluble in water 
17. Potassium ferrocyanide is used in the detection 
a) Cuions b) FeJions 
C) both (a) and (b) (d) none 
18. Mg is not precipitated in V group because 
a) MgCO, is soluble in water b) MgCO, is soluble in NH,UI 
c) MgCO, is soluble in NH,OH d) none 
19. The reaction 2Mn0O,? + Cl, ——> 2MnO, + 201 takes place in 
a) basic medium b) acidic medium 
с) neutral medium d) both (a) and (b) 
20. Manganese achieves its highest oxidation state in its compound 
a) MnO, b) Mn, 
c) KMnO, d) KJMnO, 
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21. Pick out the incorrect statement 
a) MnO, dissolves in dilute HCI but does not form Mn* 


b) MnO, oxidises hot conc. H,SO, liberating oxygen 
c) KJMn0O,is formed when MnO, is fused with KOH in presence of KNO, 
d) Decomposition of KMnO, is not catalyzed by sunlight. 
22. K,MnQ, сап be converted into KMnO, using all of the following except 
a) dil. H,SO, b) Cl, 
c) 0, d) HCI 


23. A mixture of salts (Na,SO, + K,Cr,0_) in a test tube is treated with dil. Н,50, and resulting gas 
is passed through lime water. Which of the following observations is correct about this test? 


a) Solution in test tube becomes green and lime water turns milky 


b) Solution in test tube is colourless and lime-water turns milky 
c) Solution in test tube becomes green and lime water remains clear 
d) Solution in test tube remains clear and lime water also remains clear. 
24. How many moles of iodine are liberated when | mole of K,Cr,O, reacts with potassium iodide? 
a) 1 b) 2 
с) 3 d) 4 


29. When H,O, is shaken with an acidified solution of K,Cr,0_ in presence of ether, the etheral 
layer turns blue due to the formation of 


а) Сг,0, b) СО, 
b) Сг,(50,), d) Со, 
26. Oxidation of oxalic acid by acidified KMnO, is an example of autocatalysis, it is due to the 
presence of 
a) 50,— b) MnO, 
c) Mn* d К 


2/. The reaction 


МпО, + е < Mno 


їакеѕ р!асе іп 
а) араѕіс тейшт b) anacid medium 
с) aneutral medium d) both acidic and basic 
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In the preparation of KMnO,, pyrolusite (MnO,) is first converted to potassium manganate 
(K,MnO,). In this conversion, the oxidation state of manganese changes from 


a) +1t0+3 b +2to+4 

c) +3to+5 d) +4to+6 

Deep green precipitate of Cr(OH), gives yellow solution on addition H,O, in presence of 
excess of base. The yellow colour is due to 

a) Cr(OH), ions b) Cr,0.*~ ions 

с) CrO, ions d) CrO, 


K Cr,O. is preferred to Na,Cr,O. for use in volumetric analysis as a primary standard because 
а) Ма,Сг,О, is hygroscopic while K Cr,O. is not 

b) К,Сг,О, is hygroscopic while Na,Cr,0_ is not 

c) К,Сг,О, is pure while Na,Cr,O_ is impure 

d) none of the above 

What would happen when a solution of potassium chromate is treated with an excess of 
dilute HNO,? 

a) Cr,0.*~ and H,O are formed 

b) Сг0,2— is reduced to + 3 state of Cr 

c) CrO, is oxidised to + 7 state of Cr 

d) Cr* and Cr,0.?~ are formed 


The product of oxidation of | with MnO, in alkaline medium is 


а) 10° р) 1, 

c) 107 d) 10, 

The purple colour of KMnO, is due to the transition 

a) Charge transfer (0 ——> Mn) b) Charge transfer (Mn ——> 0) 
с) d-d d) p-d 

MnO, reacts with Br- in alkaline pH to give 

a) BrO,~, MnO, d) Br, Мпо,2— 

c) Br, MnO, d) BrO^, MnO,- 
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A student accidently added conc. Н,50, to potassium permanganate and it exploded due to 
the formation of an explosive which is 


a) MnO b Mn, 
c) Мп,0, d) Mn,O, 
A solution of Na,S0, will be oxidized to Na,S0, by KMnO, solution in an acidic medium. 


KMnO, is reduced to Mn^. How many moles of №а,50, will be oxidized by one mole of 
KMnO,? 


а) 5 b) 3 

с) 2.5 d) 1 

KMnO, gets reduced to 

a) К,Мпо, іп neutral medium b) Мпо, in acidic medium 

с) Mn* in alkaline medium d) MnO, in neutral medium 
ANSWERS 
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